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FOREWORD 


The San Francisco Bay and contiguous Sacramento-San Joaquin Delta currently receive wastewaters 
from nearly five million people situated in the nine surrounding counties. This is one of the most 
rapidly expanding metropolitan and industrial areas in the nation. Its water resource provides extensive 
recreational, commercial and industrial benefits, in addition to use for wastewater disposal. 


In October 1966, the State Water Resources Control Board was directed by the Legislature to conduct 
a comprehensive study of the effects of wastewater and drainage discharges into the Bay and Delta 
and to develop the basic features of a comprehensive plan for the control of water pollution. The 
study was to determine the need for and the feasibility of a region-wide waste collection and disposal 
system, as well as to recommend other measures for maintenance of water quality. 


After reviewing a number of proposals for the conduct of this study, the State Board selected, and in 
November 1966 entered into a contract with, Kaiser Engineers as Master Contractor for the study. 
The conclusions and the designs developed during that program were primarily concerned with the 
problems of biostimulation and toxicity. Because the objectives of the program did not include the 
conduct of research, additional follow-on studies were suggested for those two parameters. 


Based on the recommendations of the 1966 Kaiser Study, the State Water Resources Control Board, 
in cooperation with the Department of Water Resources, the Department of Fish and Game, and the 
Sanitary Engineering Research Laboratory at Richmond, designed and implemented a study to evaluate 
the parameter of toxicity with a minor amount of effort on biostimulation. The results of the study 
are presented in this report. 


Volume I presents a summary of the entire investigation as well as the general conclusions and 
recommendations resulting therefrom. Volumes II through VIII contain investigatory findings of discrete 
portions of the work. All volumes are available from the California Department of General Services. 


The conclusions and recommendations are those of the research contractor and do not necessarily 
reflect the opinions or policies of the State Water Resources Control Board. This report is publication 
No. 44, Volume VII, in a series of water quality publications of the State Water Resources Control Board. 


This project has been supported and financed in part by the Environmental Protection Agency under 
the Federal Water Pollution Control Act. 
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I. INTRODUCTION 


The State Water Resources Control Board (SWRCB) has sponsored 
extensive research, monitoring and special studies to develop 
a better understanding of the effects of waste discharges on 
the environment of the San Francisco Bay-Delta system. In 
June of 1970, the SWRCB entered into an agreement with the 
California Departments of Water Resources and Fish and Game 
(DWR and DF&G) and the University of California to conduct a 
study of toxicity and biostimulation in San Francisco Bay- 
Delta waters. A facet of the study dealing with environ- 
mental effects of discharged wastes will be discussed in the 
following text. The only environmental effects of discharge 
wastes considered in this study were changes in benthic 
invertebrate communities. 


STUDY OBJECTIVES 


The objective of this phase of the study was to identify the 
effects of waste discharges on the benthic invertebrate com- 
munities occurring in the immediate area of discharges. A 
general relationsip was sought between the level of acute 
toxicity from a discharge and the degree of effect on the 
benthic invertebrate community. Such a relationship could 
serve as a basis for establishing waste discharge requirements. 


BACKGROUND 


Filice (1954a, 1954b, 1958, 1959) conducted several studies 
of the bottom faunas in the San Francisco Bay system. Sev- 
eral important general findings were made concerning the 
effects of wastes on the benthos. In studying a small por- 
tion of the estuary, Filice (1954a) found that: 


"(1) there is a marked decrease in both the 
number of animals present and the number 
of species on the bottom under heavily 
polluted water, and this decrease 
approaches zero as one nears the waste 
source; 


"(2) there is an increase in the volume of 
animals present, but no great increase 
in the species represented in areas 
marginal to the waste source; 


"(3) in normal waters the volume of living 
animals is again low but the number of 
species is relatively high in contrast 
to the other two areas." 


Subsequent measurements of the biovolume of benthic commu- 


nities throughout a major portion of the estuary led Filice 
(1954b) to conclude that his earlier conclusions concerning 


miles 


biomass were generally applicable only to domestic waste 
discharges. Industrial discharges had greater adverse 
effects near the discharge and no stimulatory effect in 
marginal areas. 


Filice's results support the hypothesis that environmental 
stress from pollution can influence species diversity. His 
study also emphasizes the need for data on bionumber, bio- 
volume, and biomass as a corollary to diversity. Ina later 
study, Filice (1959) found that natural variables other than 
salinity and bottom composition could generally be considered 
random with respect to his categories of pollution. He 

found no reason to believe that a natural variable would 
introduce a spurious regularity into the relationship between 
fauna and waste contamination. 


While Filice's work identified general relationships between 
wastes and benthic communities, it was not designed to serve 
as a basis for quantitative management of water quality. 

The acute toxicities, the chemical characteristics, and the 
dispersion of wastes were not measured. ? 


During the 1960's, the University of California Bay Study 
(UCBS) was conducted. This study was an extensive investi- 
gation of several aspects of the Bay ecosystem and waste 
discharges. The study area extended from Antioch downstream 
through San Francisco Bay, with different subsections of 
this area being sampled each year. A variety of physical, 
chemical and biological parameters were measured bimonthly. 
The biological parameters included the number and volume of 
each benthic invertebrate species, and species diversity was 
calculated. 


The UCBS data on benthic invertebrates provided the principal 
environmental data used subsequently by the San Francisco 
Bay-Delta Water Quality Control Program in identifying envi- 
ronmental effects of waste loads (Kaiser Engineers, 1969). 
The Bay-Delta report concluded that a detectable depression 
in community diversity occurred in areas of San Francisco 

Bay where relative toxicity was not diluted by a factor of 
25. On the basis of this evidence they proposed that rela- 
tive toxicity be a primary management criterion for the dis- 
charge of toxic wastes to the Bay-Delta. 


The relative toxicity of a waste was defined as the flow 
rate divided by the median tolerance limit expressed as a 
fraction. It thus becomes an estimate of the mass emission 
of toxicants. 


The analysis by the Bay-Delta program provides substantial 
evidence that toxicity has important effects on the environ- 
ment of the estuary and that the relative toxicity concept 
has considerable merit as a management approach. Neverthe- 
less, valid questions-remained unanswered, leading to the 
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conclusion that additional evaluation of toxicity was essen- 
tial to water quality management in the Bay-Delta system. 


One unanswered question, which was recognized by the Bay- 
Delta Program, resulted from the inherent inability of 
statistical procedures to determine the cause of identified 
relationships. While the Bay-Delta Program advanced sub- 
stantial logic indicating that toxicity caused the observed 
relationship between waste concentration and diversity, other 
possible explanations could not’ be ruled out completely. The 
current study sought to identify the role of toxicity more 
definitively by selecting study sites where toxicity was the 
principal variable. 


The application of relative toxicity in the Bay-Delta Program 
also has two implicit premises which were not evaluated. 
Tnese are: 


(a) All wastes having a given toxicity concentra- 
tion, as measured by mortality in acute bio- 
assays with fish, have the same biological 
effect at any given dilution, irregardless of 
the actual chemicals causing the toxicity. 


(b) The total effect of toxicity at any point in 
the estuary is equal to the sum of the toxic- 
ities from each waste present at that location, 
even though each waste concentration may be 
well below lethal concentrations. 


At best these premises are only approximately true, because 
it is well know that the physiological effects of different 
toxicants vary greatly. Nevertheless, the implicit assump- 
tion made during the Bay-Delta Program that these premises 
are close enough to being true that the concept is useful 

as a management tool may well be valid. The study described 
in this report was planned in part to test the first of 
these premises. 


THE CONCEPT OF DIVERSITY 


Diversity was an essential tool in the analyses made during 
the Bay-Delta Program, and it was used extensively in the 
current program also. Hence, a discussion of the concept of 
diversity is appropriate to provide a better basis for under- 
standing both studies. 


A natural biotic community is a complex unit of biotic and 
abiotic components which interact to produce a characteristic 
assemblage of organisms. Communities have many character- 
WeLce es anae teers Gti ricult tO find sone measure which 
describes the fundamental community structure and is indica- 
tive of a community's well-being. 
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The diversity of a community probably comes closest to being 
such a measure. The diversity of a community is the rela- 
tionship between the number of individuals present and the 
number of species. "It is common observation that some areas 
support more kinds of organisms than others" (Connell and 
Orias, 1964). 


Several theories have been advanced to explain differences 

in diversity (Pianka, 1966), but none provides a universal 
explanation. "Generally speaking, areas with more 'rigorous' 
environmental conditions have a lower diversity" (Connell 

and Orias, 1964). Also, "A marked environmental change 
without sufficient time for the evolution of a new community 
to occur is likely to lead to a reduction In the diversity 

of the community at the affected location" (Warren, 1971). 


Pollution tends to both change the environment and make it 
more rigorous, so it is not surprising that diversity has 
been used in a variety of studies as a measure of the effect 
of pollution. In fact, Patrick (1953) defined pollution as 
"any thing which brings about a reduction in the diversity 
of aquatic life and eventually destroys the balance of life 
in a stream" 


Several mathematical formulations have been proposed to 
quantify the diversity of an environment. Wilhm and Dorris 
(1968) evaluated the various indices on the basis of their 
utilization of the distribution of individuals among species, 
their relative independence of sample size and their being 
dimensionless. Wilhm and Dorris provide examples of the use 
of diversity indices based on information theory as biolog- 
ical indices of environmental change caused by waste efflu- 
ents. Additional reviews on the use of diversity indices 
can be found in the works of Warren (1971), Patten (1962), 
and Pielou (1966). The mathematical basis behind the diver- 
sity index is explained in Volume 2 of this report. 


In using diversity as a measure of pollution effect, one must 
keep in mind that there is no absolute scale for diversity 
values which would facilitate identifying such effects a 
priori. Rather, the normal diversity varies among habitats 
and groups of organisms, and furthermore, it often varies 
within an apparently uniform habitat in response to varia- 
tions in some environmental condition. Hence, use of diver- 
sity as an indicator of pollution requires a careful 
evaluation of other environmental conditions. 


Also, while a diversity index can be a very useful tool in 
the study of communities, other aspects, such as the dis- 
tribution patterns of individual species, with all the eco- 
logical relationships this entails (Hutchinson, 1953), and 
population sizes are also important and must be considered 
in evaluating change in community structure. Indices should 


afi 


not replace the use of other knowledge about the biology 
and environmental requirements of the species contributing 
to diversity (Warren, 1971). 


STUDY PLAN 


This phase of the current study was planned on the premise 
that cause and effect relationships between the waste dis- 
charges and benthic communities could be defined by study- 
ing individual waste dispersion zones selected to minimize 
variables other than toxicity. Within these zones it was 
expected that a gradient would exist from dramatic effects 
near the discharge to undetectable effects as waste concen- 
trations approached background concentrations. It was 
recognized that background conditions might reflect some 
degradation, but it was expected that the waste dilution 
required for benthic communities to become similar to com- 
munities outside the dispersion zone would be a useful 
water quality management criterion. 


The basic study approach was to select toxic waste dis- 
charges with definable dispersion zones and describe the 
natural benthic communities in the zone. The diversity, 
density, individual species distribution, and in some 
cases biomass of benthic invertebrates were then related 
to waste concentration and the acute toxicity of the waste. 
Discharges and dispersion zones were selected to minimize 
both extraneous environmental variables such as substrate 
type and adverse waste characteristics other than toxicity, 
so toxicity would be the principal variable affecting 
benthic invertebrates. 


In addition to describing natural communities, benthic 
invertebrates colonizing artificial substrates were also 
enumerated. 


As the study progressed, it became apparent that too few 
waste discharges with characteristics compatible with the 
study approach exist in the Bay-Delta system to permit full 
accomplishment of the study objectives. Therefore, the 
study plan was modified to include two broad areas where 
invertebrate communities were examined in relation to the 
combined effects of several wastes. 


One of these broad areas was the lower reach of the San 
Joaquin River, where it was postulated that a gradient in 
toxicity would exist. This was expected because numerous 
wastes are discharged in the lower portion of the reach, 
while no discharges exist for a considerable distance 
upstream. The purpose was to determine whether benthic 
community characteristics were related to waste loading as 
described by the toxicity gradient. 


The second area was San Francisco Bay from Hunter's Point 
to San Jose. The relationship between benthic diversity 
and toxicity postulated by the Bay-Delta Program was based 
on data from this reach. Samples were collected from the 
original UCBS stations in the reach to determine whether 
invertebrate communities had changed in the intervening 
years. 
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II. METHODS 
SITE SELECTION 


Criteria were developed to define an ideal study area. 
These were: 


(1) A dispersion zone with a definable waste con- 
centration gradient at least 1,000 feet long. 


(2) Dissolved oxygen levels preferable above 
5.0 mg/l throughout the dispersion zone. 


(3) A discharge point located in less than 20 feet 
of water. 


(4) A continuous waste effluent of predictable 
character. 


(5) Geographical location of sites to be limited 
to the area between Richmond and Antioch. 


(6) Reasonable accessibility by sampling craft. 


(7) Ability to position dye injection equipment 
at an outfall point. 


(8) Accessibility to a study area throughout a 
complete tidal cycle for dye sampling 
purposes. 


A preliminary screening of discharges eliminated practically 
all of the discharges in the reach between Antioch and 
Richmond. Virtually all wastes there are discharged into 
the deeper portions of the main channel, where high disper- 
sion rates essentially eliminate concentration gradients. 
Accordingly, discharges into other portions of the San 
Francisco Bay system were considered for study. 


Studies were undertaken by the Department of Water Resources 
on the dispersion characteristics of several discharges in 
the bay and estuary. The results of these investigations 
are reported in Volume 4 of this report. In addition, 
Department of Fish and Game personnel collected and analyzed 
samples near each outfall to determine the suitability of 
benthic populations for study purposes. 


The following discharges were rejected after either prelimi- 
nary field survey or intensive evaluation idicated they did 
not meet sampling criteria: 


Site 


(1) Petaluma River at 
Petaluma 


(2) Steinberger Slough 


(3) Union Sanitary District, 
Newark Plant 


(Se Cityeotecoutamcan 
Francisco 


(5) Union O11 Refinery 


(6) The waste treatment 
plants at Oro Loma and 
Hayward 


Reason for Rejection 


Paucity of fauna apparently 
due to anaerobic conditions. 


Highly complex dispersion 
zone. 


Dispersion zone contained 
less than 5.0 mg/l dis- 
solved oxygen at low tide. 


Unacceptable dispersion 
characteristics. 


Cooling water from Union 

Oil and PG&E powerplant made 
the dispersion zone diffi- 
cult to identify and the 
waste apparently had low 
toxicity. 


Dispersion zone in inter- 
tidal area. 


For our purposes the sewage treatment plant outfall of the 
City of San Leandro, waste outfalls of the Standard Oil 
Company and San Pablo Sanitation District at Richmond, and 
the site of previous operations of the Mountain Copper 
Company near the Martinez-Benicia Bridge were selected for 


study. 


In addition, the area studies were conducted in the 


San Joaquin River from the mouth of False River to New York 
Slough and in San Francisco Bay south of Hunter's Point. 


FIELD SAMPLING 


The basic sampling scheme was to establish stations through- 
out a waste dispersion zone so that the entire range of waste 


concentrations was sampled. 


Four replicate samples were 


collected at each station for analyses of the benthic 


community. 


The benthic samples were taken with a Ponar grab, which 
samples an area of 23 x 23 cm and a volume of 6.4 liters. 
Any sample less than 6.4 liters was rejected. 


For each sampling area, a particular substrate composition 
was selected based on preliminary sampling information. 
Each sample was inspected visually to determine whether its 


composition was the same as the standard. 


If it. was®not,; 


the sample was rejected and another was collected. This 
procedure was followed to eliminate substrate composition as 
a variable affecting benthic invertebrates. 
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AS grab samples were collected, they were immediately washed 
through a No. 30 (i.e., 0.59 mm clear opening) screen aboard 
the work boat. On some occasions this was not possible so 
the samples were put into plastic bags for washing at the 
laboratory. All material retained on the screen was placed 
in jars and preserved with formalin. Rose bengal dye was 
put into the formalin to aid in separating the animal mate- 
pratt romeplanc Gebris. 


In the laboratory all animals were picked from the sample, 
identified, and counted. In the case of broken specimens, 
primarily the worms, heads only were counted. In the case 
of the tubeficids where heads were not readily seen a stan- 
dard length was used to determine when we had a single 
specimen. Dry weights for each species were determined for 
the Antioch samples. The animals were oven-dried for 48 
hours at 350° F, cooled in a desiccator, and weighed. 


Animals were identified by Fish and Game personnel. Identi- 
fication to species and sometimes even to genus proved to be 
impossible for some animals. This resulted from there being 
no complete description of the invertebrate fauna in San 
Francisco Bay and the complexity in the taxonomy of some 
groups. As a result species sometimes had to be grouped to 
obtain a taxonomic unit which could be identified with 
confidence. 


All invertebrate samples, except for those from the Lower 

San Joaquin River which were destroyed to measure dry weight, 
have been entered in the collection of the California Academy 
OfesSciences. 


ARTIFICIAL SUBSTRATES 


Artificial substrates were placed in waste dispersion zones 
to collect invertebrates. The design of an acceptable arti- 
ficial substrate sampler was reached after a good deal of 
trial and error experimentation. The wire baskets used by 
Mason, et al (1970) corroded too rapidly in brackish water. 
A unit made of paired plastic pipe cylinders was too large 
to suspend near the bottom. Also, animals colonized the 
connecting structure, making it apparent that it would not 
be feasible to treat the cylinders as replicates, as was 
originally intended. 


The sampler which was found acceptable was a 77-inch cylinder 
made of 6-inch diameter, P.V.C. pipe (Figure 1). Slots 
1/2-inch wide and 4 inches long were cut in the wall. The 
pipe was filled with 2-inch roofing rock and each end was 
plugged with a plywood disc. A 40-pound cement anchor was 
needed to hold the unit in place, as wave and tide action 
was substantial. A styrofoam float kept the substrate 

2 feet off the bottom, and a retrieval line was run from the 
anchor to a second float. 


Figure 1. Artificial Substrate Sampler 
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The samplers were left in the waste plume for three weeks. 
Two units were placed side by side to obtain replicate data. 
After the incubation period, the substrates were retrieved 
and the animals washed from the rocks and the substrate 
structure and preserved. The preserved animals were identi- 
fied and counted in the laboratory. 


DATA ANALYSIS 


The principal analysis of the information collected from the 
benthic sampling was the calculation of diversity indices 
(DI). The equation used was derived from information theory 
by Margalef (1956). The equation is 


iS) 
DI = - =n,/N (log n,/N) i=] 


where s is the number of species or otherwise recognizable 
taxonomic units. N the total number of organisms and nN; is 
the number of the ith species or taxonomic unit. This 
equation has the advantage of being independent of sample 
size as well as being an expression of the compositional 
richness of a mixed-species aggregation of organisms. 


This index of diversity possesses features which make it a 
reasonable descriptor of community structure. It is a 
dimensionless equation so numbers or biomass in any units may 
be used (Wilhm and Dorris, 1968). 


As a result of the grouping of some species, the calculated 
diversity index is not a species diversity index, and it is 
generally lower than a species diversity index would be. The 
relationship between calculated diversity indices and true 
species diversity cannot be assumed to be constant. The 
trends, however, in the diversities reported in this report 
and trends based on diversities using tentative more specific 
identifications were very similar, hence it is reasonable to 
believe that the described relationships between diversity 
and environmental conditions are valid. 


In addition to diversity, the density of organisms and the 
numbers of specific species were used to describe the rela- 
tionship of benthic invertebrate communities to waste 
discharges. 


CHEMICAL ANALYSIS 


Grab samples of sediment were also collected from each sta- 
tion and sent to the Department of Water Resources Technical 
Services Laboratory at Bryte for chemical and mechanical 
analyses. The table below briefly outlines the analytical 
procedures used at Bryte. 
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Pesticides 


Nitrate 


Ammonia and Organic 


Nitrogen 


Organic Carbon 


Grease and Oil 


Loss on Ignition 


Total Mercury 


Total Metals 


Available Metals 


Biochemical Oxygen 
Demand 


Overnight extraction of -wet 

sample with methanol and benzene, 
florisil cleanup, microcoulometric 
gas chromatographic detection. 


Twenty-gram wet sample extracted 
with 100 ml deionized water for 
1 hour in mechanical shaker. 
Nitrate determined by method in 
Envir. 7oCisy andttech. sivolweL, 
now 65:31 967s uipemeoG: 


"Standard Methods for the Examina- 
tion of Water and Wastewater", 
APHA publisher (N.Y., N.Y.) 1965, 
Dagao3o. 


"Methods of Soil Analysis", ASA 
publisher, Madison, Wis., 1965, 
Deis ake 


"Standard Methods ...", p. 531. 
DO CANGATGaMe UMOGS 4.16 weer 


Wet sample digested according to 
"Official Methods of Analysis of 
the AOAC", AOAC publisher, Wash., 
D. C., 1965, p. 375. Determined 
by atomic absorption method of 
Hatch and OTT, Anal. Chem., 40, 
2085 (1968). 


Ten-gram sample ashed in platinum 
dish overnight at 480°C. Metals 
dissolved in hot 6N HCL and 
analyzed by atomic absorption 
except arsenic which was deter- 
mined by "Standard Methods ...", 
p. 50: 


Ten-gram sample mixed with 100 ml 

deionized water. The pH adjusted 

to 4.5 with HCL. Rotated 24 hours 
in mechanical shaker and filtered 

and analyzed by atomic absorption 

except arsenic. 


"Standard Methods ...", p. 406. 


ie 


At the time of sampling, dissolved oxygen, temperature, 
electrical conductivity, pH and depth were recorded. Water 
samples for these measurements were collected just off the 
bottom. Whenever possible, sample stations were located 
within a waste dispersion zone to maintain the maximum 
constancy in regard to these parameters. 
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The Standard Oil Refinery releases about 110 million gallons 
of petrochemical waste water into San Pablo Bay daily. Bio- 
assays indicate a mean 96-hour TL50 of 80.5% waste for 
stickleback (Volume 3 of this report). The distribution of 
this waste into the receiving waters was characterized using 
the Army Corps of Engineers! model of San Francisco Bay. 

Dye injections into the model provided the waste concentra- 
tion contours drawn in Figure 2. A detailed account of the 
waste dispersion studies is included in Volume 5 of this 
report. 


In addition to Standard Oil wastes, the receiving water in 
this area receives about 10 million gallons daily from the 
San Pablo Sanitation District sewage treatment plant. The 
96-hour mean TL59 of the unchlorinated waste for stickleback 
was 65% (Volume 3). The rate of flow and the TLs5o indicate 
that the San Pablo sewage. treatment plant contributes about 
10% of the total relative toxicity discharged in the study 
area (Volume 3, Table 20). This is an underestimate as 
chlorination presumably increases toxicity of the San Pablo 
effluent by an undetermined amount. 


The dispersion of San Pablo waste was not investigated and 

is not included in waste concentrations reported in Figure e. 
Presumably this waste was dispersed by tidal action ina 
pattern similar to that determined for Standard Oil wastes. 
Therefore, we assumed that the concentration of San Pablo 
waste was about one-tenth that of the measured Standard Oil 
effluent concentrations, except at Stations 3 and 4 (Fig- 
ure 2), which are immediately adjacent to the two discharges. 
At these points, the proportionate concentration of waste 
was undoubtedly higher for the closer discharge (San Pablo 
for Station=3 and Standard O11 for Station4 ). 


The density of benthic invertebrates was relatively high, 
and there was an average of 2,197 animals per sample. A 
tabulation of the data collected for each sample and station 
is included in Appendix A-l. 


Diversity indices for each station are plotted in Figure 3. 
Except for Station 1, which may be in another environment, 
the trend exhibited by the data indicates a reduction in 
diversity as waste content of the water increases. A 
similar although much less distinct relationship occurred 
with the number of animals per sample (Figure 4). Popula- 
tions at Station 1 (0.3% waste) departed significantly from 
both trends, and the number of organisms at Station 3 (2.2% 
waste) deviated upward substantially from the trend. 
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FIGURE 2 
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FIGURE 3 
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Two invertebrate species, Streblospio benedicti, a polychaete 
worm, and Gemma gemma, a clam, were the dominant animals 
(Figure 5). The total of these species was largely respon- 
sible for the observed trend in numbers, with large numbers 
of S. benedicti being responsible for the deviation from the 
number-waste concentration relationship at Station 3. 


Interpretation and clarification of the trends mentioned 
above requires analyses of variables other than total waste 
concentration which may influence the distribution of the 
benthos. The mechanical analysis of the substrate, Appen- 
dix B-l, showed that the percentage of the soil retained in 
the finest screen used ranged from 71 to 84% at 6 of 7 sta- 
tions, but was 57% at Station 6. (The sample for mechanical 
and chemical analysis at Station 8 was lost.) The sampling 
program was designed to eliminate substrate composition as a 
variable. On the basis of the measured substrate composi- 
tion, it is reasonable to assume that this was largely 
achieved, so the observed differences in benthic fauna are 
probably not due to substrate particle size. 


The chemical analysis of the substrate is reported in Appen- 
dix C-1l. None of the results correlate closely with esti- 
mated waste concentrations, although 7 of the 13 constituents 
measured were highest at Station 4, where waste concentra- 
tions were highest. 


As mentioned above, Station 3 (2.2% waste) was close to the 
San Pablo sewage plant outfall. Very high numbers of the 
polychaete Streblospio benedicti and oligochaetes, an average 
of nearly 4,500 and 1,300 respectively were found in each 
sample. This may reflect an enrichment by the San Pablo 
waste, although the chemical analyses do not provide evidence 
GPaUnws : 


Station 4 is in a small channel which leads directly from the 
holding pond for the Standard Oil waste water. <A flood gate 
releases the waste water at low tide. Data collected prior 
to the benthic sampling indicate that the dissolved oxygen 
at this station dropped as low as 0.28 mg/l at low tide. 
This, coupled with a relatively high temperature at low tide 
(14.9 to 16.1 C), undoubtedly explains much of the low 
density and diversity of invertebrates at Station 4. This 
situation, although directly related to the presence of 
Standard Oil waste, must be considered as an effect from 
sources in addition to toxicity measured by the bioassay. 
The relative importance of oxygen, temperature and toxicity 
cannot be evaluated with the available data. 


Except at Station 4, dissolved oxygen concentrations were 


greater than 6 ng/1, so they were probably not a significant 
factor. 
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TABLE 1 
OBSERVED BOTTOM WATER TEMPERATURES 


AT HIGH AND LOW TIDE IN THE 
STANDARD OIL-SAN PABLO SANITARY DISTRICT STUDY AREA 


JANUARY 8, 1971 
etn 
1 


Water Temperature (°C) 


Temperatures were elevated at Stations 2 through 8, so they 
were a potential factor influencing benthos (Table 1). 
Temperatures were most likely to have an effect at Station 4 
where they were about 7°C over ambient, and at Station 5 
where the range during the tidal cycle was 3°C. The Temper- 
ature range was also over a degree at Stations 3 and 7, but 
at other stations the elevation and range were small. 


Temperatures are not closely correlated with waste concen- 
trations, because they were also influenced by a secondary 
Standard O11 Company discharge of 6 mgd located near the 

head of the channel near Station 5. This discharge contained 
only cooling water and was presumably nontoxic. The trends 
in benthic diversity and numbers (Figures 3 and 4) do not 
appear to be influenced by either temperature elevation or 
range. The chief indication of this is Station 5 where 
benthic diversity and numbers were high despite the wide 
temperature range. 


We have no satisfactory explanation for the low benthic diver- 


sity and numbers at Station 1. The concentrations of several 
metals, namely cadmium, copper, iron, and mercury, were 
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relatively high in comparison to the other stations and 
estimated waste concentrations. However, none of the con- 
centrations are large in relation to some concentrations 
found in other areas studied where invertegrate populations 
were richer. None of the other parameters measured indicate 
any potentially significant differences. 


In summary, benthic diversity and to a lesser extent numbers 
of benthic invertebrates were correlated inversely with 
waste concentration except at Station 1. At Station 4 a 
number of significant adverse conditions were identified. 

At other stations, the toxicity of waste offers the best 
explanation of the observed trends. 


MOUNTAIN COPPER 


Preliminary sampling at the Mountain Copper site indicated 
very high concentrations of heavy metals in the substrate. 
The source of these contaminants is believed to be slag 
piles left in the area from previous operations of the 
Mountain Copper Company. Leachate from the slag piles drains 
into..atsiough. This sloughnedrains anvosesuisun bay seasuso. 
the Southern Pacific bridge. At times the leachate also 
drains directly into Suisun Bay west of the slough. It was 
assumed that the toxic waters flowing out of the slough 
would be dispersed both upstream and downstream in Suisun 
Bay by tidal action, and that concentration gradients could 
be established on the basis of the content of metals in the 
substrate. 


It was decided to sample along a transect upstream from the 
slough, because the environment there was more uniform than 
downstream. Eight sampling stations were established lead- 
ing from, the. slough to Point Edith, which is nearly 2 miles 
upstream (Figure 6). It was anticipated that heavy metal 
concentrations in sediments would reach background levels at 
Point Edith. 


Figure 7 is a plot of the numbers of animals found in the 
benthic samples. The results of our faunal counts indicate 
that the sampling area was almost devoid of benthic inverte- 
grates, except in the slough at Station 8, where oligochaetes 
were fairly numerous in the different type of habitat exist- 
ing there. Appendix A-2 contains a tabulation of the orga- 
nisms which were found.,. The diversity index is.of no value 
in describing a community with so few organisms and was not 
calculated for these stations. 


Heavy metal concentrations in the substrate were high and 
generally increased as one approached the slough. The 
arsenic content of the substrate increased from a relatively 
high amount, 24 mg/kg, at Point Edith to a peak of 67 mg/kg 
at Station 6. Cadmium ranged from 3.1 mg/kg in the slough 
down to 0.02 mg/kg at Point Edith (Station 1), while chromium 
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ranged from 123 mg/kg to 16 mg/kg at the same stations. 
Iron also followed this trend, with the total concentration 
of iron in the slough being 37,000 mg/kg. Iron concentra- 
tions in the Bay were less than half of this and generally 
declined with distance from the slough, but the 7,350 mg/kg 
found near Point Edith is still a high concentration. 
Copper, lead, and zinc concentrations also increased 
approaching the slough. The concentrations of metals and 
other chemicals are listed in Appendix C-2. 


Grease and oil were also measured in the substrate chemical 
analysis. Grease and oil concentrations were quite high 
eee mg/kg) at all stations and unusually high 

3,200 mg/kg) at Station 3. Station 3 was located near an 
oil loading dock which is presumed to be the source. Similar 
amounts of grease and oil were found in the Standard Oil 
study area and at a station on the San Joaquin River, where 
invertebrates were much more numerous. In light of this, it 
is assumed that grease and oils were not primarily responsi- 
ble for the paucity of animals in this area. 


The dissolved oxygen, pH, and chlorinity measured at the 
time of sampling did not vary significantly between stations 
nor were any of these parameters below acceptable levels. 


Considering the lack of other obvious contaminants and the 
unusual concentrations of heavy metals, it seems probable 
that heavy metal concentrations were responsible for the 
paucity of benthic invertebrates. However, not enough is 
known about invertebrate requirements to be sure of this. 


SAN LEANDRO 
October 1970 


In late October 1970, Department of Fish and Game biologists 
collected a series of benthic samples near the outfall of 

the San Leandro sewage treatment plant. In conjunction with 
this sampling, the Department of Water Resources carried out 
waste dispersion studies. Dye was released into the waste 
stream leaving the plant and later measured in the receiving 
water. A complete discussion of the waste dispersion studies 
is included in Volume 5 of this report.. Contour lines of 
waste concentration are drawn in Figure 8. 


When the study of this area was planned, it was anticipated 
that the waste dispersion zones for the Hayward, Oro Loma 

and San Leandro sewage treatment plants would overlap and be 
largely beyond the intertidal zone. Preliminary sampling 
had shown a uniform substrate in that region. The dye dis- 
persion study, though, showed that wastes remained largely 
in the intertidal zone and streamed northward. The only 
sizable area not in the intertidal zone with waste concentra- 
tions high enough to meet study criteria for site selection 
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was in the immediate vicinity of the San Leandro plant. 
Wastes in the receiving water there presumably are largely 
from the San Leandro treatment plant. This narrowed the 
scope of the receiving water evaluation considerably and 
forced it to be made in a less suitable study area. 


The flow of waste from San Leandro ranges from 5-9 million 
gallons per day. A bioassay of chlorinated waste composited 
over 24 hours indicated a 96-hour TL o of 44g for stickle- 
back (Volume 3). D 


The benthic sampling stations (Figure 8) were located at 
points where DWR had made dye measurements and were selected 
to represent as wide a range of waste concentrations as 
possible. It was impossible to sample the benthos over the 
full range of waste concentration while maintaining a con- 
stant substrate type; consequently, two types of substrate 
were sampled. 


Mechanical analysis of the sediment (Appendix B-3) defined 
the substrate types. Substrates at Stations 84, 112, and 
108 had a large percentage of coarse material which was 
oyster shell rubble. The substrate at Station 107 was not 
analyzed but was similar. ~Stations 98, 61;°73/) and S85 had 
substrates which were a fine silty mud. These significant 
differences made it necessary to treat these groups of 
stations separately in order to avoid bias. In this report 
those stations which were in the shell debris area will be 
designated as "offshore", and the stations in the region 
of the soft mud will be labeled "cove area". 


Offshore Area. Appendix A-3 contains the data collected 
from the benthic samples. Figure 9 is a plot of the species 
diversity index values calculated for the offshore stations 
and plotted against percent waste. The mean diversity 
indices range from 0.95 to 1.55. It can be seen from this 
figure that standard errors overlap, so diversity indices do 
not differ significantly. The same situation holds true for 
the number of animals per sample (Figure 10). 


The physical data collected along with the benthic samples 
indicate that dissolved oxygen, electrical conductivity, pH, 
and temperature were at levels which would not adversely 
affect the benthos. There was no significant difference 
between the stations with respect to any of these measurements. 


Appendix C-3 contains the chemical analysis data for the 
sediment material. There is no indication that any of the 
properties measured occurred in sufficient amounts to affect 
the benthos. Chemical analysis was not performed on sediment 
from Station 107 (0% waste). 
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FIGURE 9 


RELATIONSHIP BETWEEN DIVERSITY OF BENTHIC INVERTEBRATES AND WASTE 
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FIGURE 10 
RELATIONSHIP BETWEEN NUMBER OF BENTHIC INVERTEBRATES AND WASTE 
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The results presented above indicate that either the waste 
concentrations in the offshore area were below that which 
would produce response in the benthic community, or some 
unmeasured factor has masked the effect of the waste. 


Cove Area. The data from the benthic samples taken in the 
cove area appear in Appendix A-3. There is a distinguish- 
able trend in results. Figure 11 shows a direct relation- 
ship between waste concentration and diversity index. The 
diversity index values range from a mean of about 1.01 in 
2.2% waste up to 1.61 in 7.2% waste. An analysis of variance 
showed that these means differed significantly. The number 
of animals found per sample shows an inverse relation between 
waste concentration and the number of animals (Figure 12). 
Most of this difference was between Station 85, which was in 
2.2% waste and produced nearly 3,600 animals per 6.5 liter 
grab sample, and the other three stations which had mean 
numbers of animals ranging from less than 1,100 to about 
1,500 per sample. 


These findings can be explained partially by the distribution 
of the amphipod Ampelisca in relation to the waste concentra- 
tions. Figure.13° isapploe of whe numbers off Amelia scamae 
the various waste concentrations. It is clear that there is 
an inverse relationship which accounts for a major portion 

of the trend in total numbers of animals. Omitting Ampelisca 
from calculations of diversity indices (Figure 14) makes 
differences among means no longer significant. This occurs 
largely because the variance is increased at individual 
stations. The direct relationship between mean diversity and 
waste concentration is changed little. 


The sediment chemical analyses (Appendix C-3) indicate that 
the amounts of cadmium, chromium, copper, iron, zinc, and 
chlorinated hydrocarbons generally increased with increasing 
waste concentration in the receiving water. These concen- 
trations may have been high enough to produce some degree of 
environmental stress with a resultant reduction in numbers, 
especially in the sample taken from 7.2% waste, but again not 
enough is known about tolerances of invertegrates to these 
constituents to permit conclusions as to which, if any, con- 
stituent had an effect. 


The measurement of dissolved oxygen, pH, electrical conduc- 
tivity and temperature done at the time of benthic sampling 
does not indicate any adverse conditions present at any 
station, nor was there any great difference between stations. 
As mentioned above, the bottom in the area is covered with 

a fine, silty mud. The samples had from 72% to 99% of the 
material passing through a No. 270 screen. 


Variations in salinity during the tidal cycle may have 


influenced invertebrates, since a freshwater waste was being 
released in salt water. Salinity in receiving water samples 
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FIGURE || 


RELATIONSHIP BETWEEN DIVERSITY OF BENTHIC INVERTEBRATES AND WASTE 
CONCENTRATION AT SAN LEANDRO COVE AREA ,OCTOBER 1970. 
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FIGURE (2 
RELATIONSHIP BETWEEN NUMBER OF BENTHIC INVERTEBRATES AND WASTE 
CONCENTRATION AT SAN LEANDRO COVE AREA, OCTOBER 1970 
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FIGURE I3 
RELATIONSHIP BETWEEN WASTE CONCENTRATION AND NUMBERS OF AMPELISCA SP. 
AT SAN LEANDRO COVE AREA, OCTOBER 1971 
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FIGURE 14 
RELATIONSHIP BETWEEN WASTE CONCENTRATION AND DIVERSITY 
WITH AMPELISCA EXCLUDED FROM CALCULATION 
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collected during the month prior to sampling averaged about 
28 ofoo (Volume 3, Appendix B, Table 12). Waste concentra- 
tions at the innermost station (98) ranged from about 3.5 to 
14% (Volume 5), indicating a salinity range of 24 to 27 o/oo 
during the tidal cycle. Considering natural variations 
expected in an estuary, this intuitively is judged too. small 
to have much effect on the benthos. 


Salinity tolerance has been described for relatively few of 
the species found. Felice (1958) found Ampelisca, the dom- 
inant invertebrate at San Leandro, at salinities down to 

20 0/00,,,and Painver. (1960)* found a similar salinity “ae 

their upstream limit of major abundance in late summer and 
fall. (Painter apparently identified Ampelisca as Photis 
californica.) The difference between the probable minimum 
salinity at San Leandro and the minimum tolerated by substan- 
tial Ampelisca populations makes it unlikely that the 
observed distribution was controlled by salinity. 


summary. -~A summary of our findings is that in the offshore 
area, where waste content of the receiving waters ranged 
from 2.5 to 0% waste, no effect on the benthos was observed. 
In the cove area, there is a direct relationship between 
diversity and waste concentration and an indirect relation- 
ship of numbers of animals per sample to waste concentration. 


Only environmental parameters associated with waste concen- 
tration were found to be correlated with the observed dis- 
tribution of benthos. The apparent lack of oxygen, salinity, 
and temperature effects make it probable that a toxic compo- 
nent of the waste was responsible for observed relationships. 


AprigTo(s 


Benthic sampling was conducted in the San Leandro cove area 
for a second time in April of 1971. These studies were 
carried out in conjunction with investigations into the role 
of chlorination on the environmental effects of waste waters 
from the San Leandro sewage treatment plant. The stations 
occupied were the same as those in the cove area sampled the 
previous October. One additional station was sampled near 
the San Leandro Marina. It is labeled "2" on Figure 3: It 
was assumed that the distribution of the waste in the 
receiving water was sufficiently constant to warrant the use 
of the October data on dispersion. 


The data collected from the benthic samples are presented in 
Appendix A-4. The diversity indices are presented in 

Figure fl5. se tne trend exhibited in Figure 15, Indicates#thaer 
diversity tended to increase as the waste content increased. 
The opposite trend is suggested by the numbers of animals 
per sample (Figure 16), although differences among means are 
not..significant...Thus,. ‘the April data indicate relationships 
between waste concentration and both diversity and numbers 
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FIGURE I5 


RELATIONSHIP BETWEEN DIVERSITY OF BENTHIC INVERTEBRATES AND WASTE 
CONCENTRATION AT SAN LEANDRO COVE AREA, APRIL 1971 
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FIGURE 16 
RELATIONSHIP BETWEEN NUMBER OF BENTHIC INVERTEBRATES AND WASTE 
CONCENTRATION AT SAN LEANDRO COVE AREA, APRIL [971 
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FIGURE I7 
RELATIONSHIP BETWEEN WASTE CONCENTRATION AND NUMBERS OF AMPELISCA SP 
AT SAN LEANDRO COVE AREA, APRIL 1971 
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Of animals which are similar to those found in October. 
However, both relationships, but particularly the waste 
concentration-number relationship, were less distinct, due 
to greater within station variances and more irregularities 
among stations. 


As was the case in October, the amphipod Ampelisca was the 
dominant animal and the invertebrate population abundance 
largely reflects its abundance. Figure 17 indicates the 
relationship of Ampelisca numbers to waste concentrations, 
and Figure 18 shows what the diversity indices are when 
Ampelisca is excluded from the computations. In this case, 
elimination of Ampelisca obliterates the trend in diversity. 


Dissolved oxygen concentrations were below 5 mg/l at all but 
one of the stations. This was apparently due to a failure 

in the treatment plant. On the day prior to the benthic 
sampling the No. 2 clarifier and the No. 1 digestor went out 
of service. This raised the discharged BOD from 4,100 pounds 
of 12,800 pounds per day. A search of plant records indi- 
cates that this was an isolated instance. The similarity of 
the April and October results suggests that it did not affect 
invertebrate populations in an obvious manner. 


As was mentioned above, the benthic sampling in April was 
done in conjunction with studies of chlorination as a pos- 
sible source of toxicity. The application of chlorine to 
the waste water was suspended for 30 days prior to benthic 
sampling. The generally similar relationships between waste 
concentration and both numbers and diversity in October and 
April indicate that either chlorination did not affect the 
benthos or the 30-day cessation of chlorination did not pro- 
vide sufficient time for the populations to change. 


Two additional special studies were carried out in the San 
Leandro cove area. The first was an assessment of the 
variability of the benthic community within a particular 

zone of waste concentration. It is well known that many 
species of benthic invertebrates exhibit patchiness in their 
distribution. It was reasoned that if all of the three or 
four samples were collected from a single point within a 
waste concentration zone, samples might not reflect an exist- 
ing patchy distribution of the animals and thus would produce 
an underestimate of variance. For this reason, duplicate 
stations were established at 2.2% and 7.2% waste. This was 
done simply by moving 10 yards from the original sampling 
point and collecting a second set of 3 samples within the 
same waste concentration zone. These additional samples 

were sorted and counted as before. 


In both cases there was no significant difference between 


the species diversity indices for the replicate stations. 
The values were: Station 85-a mean 1.14, range 1.06 to 1.22; 
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FIGURE 18 
RELATIONSHIP BETWEEN WASTE CONCENTRATION AND DIVERSITY 
WITH AMPELISCA EXCLUDED FROM CALCULATION 


OF D.I. AT SAN LEANDRO COVE AREA, APRIL 1971 
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Station 85-b mean 1.07, range 0.97 to 1.13; Station 98-a 
mean-1.70, range 148)to 2.414: Station 98-b mean 1.34, 
range 1.24 to 1.44. It is reasonable to assume that the 
diversity indices determined for a point in the San Leandro 
waste concentration zone would be representative for the 
entire zone. 


Numbers of organisms were similar at Station 98, the means 
being 1,474 and 1,296 while respective ranges were 793-1,997 
and 874-1,871. Numbers at Station 85 were dissimilar because 
of one extreme sample at each substation. Means were 1,297 
pee Eo?: and respective ranges were 667-1,887 and 1,407- 

> : 


A second special study involved the use of artificial sub- 
strates in the cove area at San Leandro. Two units were put 
out at each of four stations. These stations were 73-3.0% 
waste, 61-4.5% waste, 98-7.25% waste and a station located 
inshore of Station 98, where the waste concentration was at 
least 20% (see Figure 8 for the station locations). Appen- 
dix A-5 contains the data collected from the artificial 
substrates. At Station 73 only one of the two units was 
recovered. The most abundant animal found in or on the sub- 
strates was the amphipod Corophium. The numbers of this 
animal were in indirect proportion to the waste concentra- 
tion. There were 1,844 in 3% waste, an average of 1,132 in 
4.5% waste, an average of 151 in 7.25% waste and 8 in the 
most concentrated area. Figure 19 is a plot of the diver- 
sity indicies for the artificial substrate samples. As can 
be seen from this data, the diversity in general was low but 
increased greatly at the highest waste concentration. fThis 
increase in diversity is due to the lack of dominance by 
Corophium that was observed at the rest of the stations. 
Figure 20 is a plot of the numbers of animals recovered from 
the substrates. As with the grab sample data, the trend is 
toward a significant reduction in the fauna as the waste 
content of the receiving water increases. 


Summary. There are a few general observations which can be 
made from the studies conducted in October 1970 and April 
1971 in the San Leandro area. It is evident from our results 
that there is a direct relationship between waste concentra- 
tion and diversity index. Figures 11, 15, and 19 show that 
as the waste content of the receiving waters increased, 
higher diversity indices were obtained. Secondly, it was 
noted that the numbers of animals recovered from a single 
grab sample or artificial substrate sample could be expected 
to decrease as the waste content of the receiving water 
increased (Figures 12, 16, and 20). 


It is probable that a toxic component of the waste caused 
these relationships, and the April results indicate that 
either chlorination was not responsible for the principal 
toxic component or the effects of chlorination persist for 


longer than a month. 
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FIGURE 19 
DIVERSITY INDICES COLLECTED FROM ARTIFICIAL SUBSTRATES FOR STATIONS 


AT SAN LEANDRO COVE AREA APRIL, 197 
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FIGURE 20 
NUMBER OF ORGANISMS COLLECTED FROM ARTIFICIAL SUBSTRATES FOR 


STATIONS AT SAN LEANDRO COVE AREA APRIL, |971 
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LOWER SAN JOAQUIN RIVER 
September 1970 


An ll-mile reach of the lower San Joaquin River from the 
mouth of False River to New York Slough was chosen as a study 
area. In the lower half of this reach, approximately from 
the Antioch Bridge to New York Slough, there are a number of 
municipal and industrial waste discharges. It was our objec- 
tive to assess the impact of these waste sources on the 
benthic community in this area. 


Table 2 contains descriptions of the sampling station loca- 
tions. The stations are approximately 3/4 of a mile apart 
and are numbered consecutively. Although Table 2 indicates 
14 stations, only 9 were sampled in September 1970 and 12 
were sampled during a second investigation in March 1971. 
The September study will be presented first. 


Figure 21 is a plot of the estimated percent of relative 
toxicity loads found at points in the study area along the 
lower San Joaquin River. The curves in this figure were 
generated by utilizing data from bioassays of waste waters 
discharged in the study area (Volume 3) and a mathematical 
model of dispersion in this portion of the estuary (Volume 5). 
Details of the calculations are presented in Volume 5 of this 
report. Mean flows for the month prior to sampling were used 
in model calculations. 


Figure 21 indicates a steady rise in RT concentration from 
the mouth of False River to a point just downstream of West 
Island, followed by a decrease to New York Slough. There are 
some sources of relative toxicity which were not included as 
input to the model, so Figure 21 should be interpreted with 
this in mind. The major deviation from reality is that 
toxicity from wastes discharged downstream from Pittsburg 
was not included in the estimates. Previous calculations 
(letter from R. H. Lewis to James Welsh, June 1970) indicate 
that toxicity downstream from the peaks in Figure 21 is 
essentially constant. Those calculations also showed that 
at the point of peak concentration (West Island), sources 
west of Pittsburg constituted less than 10% of the total 
VOXLCA Gyre 


Another source of error is that no estimate was included of 
toxicity from the U. S. Steel Company plant at Pittsburg, 
because no bioassay information was available. 


Another important assumption is that no acute toxicity enters 
from upstream. This is probably reasonable, because the 
nearest noteworthy discharge is about 20 miles upstream. 
Agricultural drainage water is a possible upstream source of 
toxicity, although the drainage water probably is not acutely 
toxic, "so ts "contribution, to tne relative toxicity. 1osu=is 
probably indeterminate. 
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StaciLlon 
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Station 


Station 


Station 


SoaTuELOn 


Station 


Station 


TABLE 2 


ANTIOCH BENTHIC SAMPLE STATION LOCATIONS 


#1 


#2 


#3 


#4 


#8 


#9 


#10 


#11 


#12 


#13 


#14 


Approximately 1/2 mile above mouth of False 
River.on north side) offs san. Joagquime River; 
eUhEt.. Geen. 


100 yds. downstream from mouth of False River 
on mortnesice ofwoan Joaquin Rivers, oO Lt. 
Geen: 


Direcrlveoppos ster svandard-O1 1!) sipneat kddoes 
Ha rpOrmon Nonthesideeoie rivers 7-O*r te. dean. 


Directlyy opposite Blind Point on north side 
Of Liveuys 20st. ceep. 


Directly out from siphon pump on north side 
of river, approximately 1/2 mile upstream 
Promanntioch bridge; 2O.ft. deep. 


200 yds. downstream from Antioch Bridge on 
north side of river near "Gas Line Crossing 
Siem) 2oeit. deep. 


" 


Near north shore of river at the downstream 
LipeOde West .ls land; =-Ogt Wrdeep. 


Near south shore of Kimball Island on north 
Side of channel off of two small houses on 
islandsmeOn rt. -deeny 


In Broad Slough near east shore of Winter 
Estland t1/2imile north of Light BEG) sec 
Ob fit. Ole eOORt bs deep. 


Off tip of Winter Island at FL G 4 sec 
ND Me OCT .t. deep. 


At Light FLaG 4 sectilG ft. #22i7 wnearsup— 
stream end of New York Slough; 20 ft. deep. 


In New York Slough at Light FL G 4 sec 
BOREL uf eo eClsdedpr 


In New York Slough at Light FL-G 4 sec 
foes > AO ntbudeacn= 


In New York Slough at Light FL G 4 sec 
Uo OO art. deep < 
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FIGURE 22 
BENTHIC INVERTEBRATE: DIVERSITY FOR STATIONS IN THE LOWER SAN JOAQUIN 
RIVER, SEPTEMBER 1970 
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FIGURE 23 
NUMBER .OF BENTHIC INVERTEBRATES FOR STATIONS IN THE LOWER 
SAN JOAQUIN RIVER SEPTEMBER, 1970 
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FIGURE 24 


NUMBER OF COROPHIUM AND CORBICULA AT STATIONS 
IN THE LOWER SAN JOAQUIN RIVER, SEPTEMBER, I971 
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Figure 22 shows the diversity indices determined from the 
data which are included in Appendix A-6. The mean diversity 
index was low, 0.372, at the mouth of False River (Station 2) 
and increased to 0.934 at Station 4, which is directly 
opposite Blind Point. Diversity then decreased downstream, 
eae aa mean diversity index at New York Slough being only 
0.408. 


Figure 23 is a graph of the numbers of animals recovered at 
the benthic sampling stations. A trend similar to that for 
diversity exists. There was an unusual drop in numbers at 
Station 4, and no reason: is apparent for this. 


The benthos in the study area is composed largely of three 
species: The amphipod, Corophium stimpsoni, the clam, 
Corbicula manilensis, and a tubificid oligochaete. The 
numbers of Corophium and Corbicula are plotted in Figure 24. 
Upstream from Station 6, total numbers essentially reflect 
numbers of Corophium, and the trend in total numbers largely 
reflects the distribution of Corophium. Corophium numbers 
dropped substantially at Station» 4¢° No reasonsforetnis as 
apparent. 


It was previously noted that the versatility of the diversity 
index equation makes it possible to use any measurements of 
abundance for calculation of DI. In the Antioch area this 
was done by using dry weight of each species, as well as 
numbers. Figure 25 is a plot of the diversity indices calcu- 
lated using dry weight. In general, there is a trend which 
follows that of diversity indices based on numbers of each 
species (Figure 22), although the trend is less distinct and 
variances are considerably greater. Station 12 in New York 
Slough deviates from the trend, but this can be explained by 
the presence of a proportionately high number of clams which 
did not weigh enough to dominate the community and lower the 
diversity index. “In general the difficulty tof jopvaining 
unbiased weights of animals with shells, such as Corbicula, 
makes diversity indices based on weight less valid than diver- 
sity indices based on species counts. 


Interpretation of the results presented above required infor- 
mation about other environmental parameters. There was some 
degree of variability in substrate composition between the 
sample stations. Bottom samples ¥irom stations cys aa. 
and 10 were made up of a high percentage of sand 0.149 mm 
or finer in' diameter, while Stations 6, 7, 8, and 12 had a 
greater percentage of sands which were retained on a screen 
with a mesh having 0.297 mm openings (Appendix B-6). The 
significance of these differences is difficult to evaluate. 
There seems to be no reflection of these differences in the 
diversity indices or numbers of animals per station. For 
Our purpose, it will have to be assumed that the differences 
were not of a magnitude which influenced populations. 
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FIGURE 25 
BENTHIC INVERTEBRATES DIVERSITY INDICES BASED ON DRY WEIGHT PER SPECIES 
IN THE LOWER SAN JOAQUIN RIVER SEPTEMBER, 1970. 
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FIGURE 26 
ELECTRICAL CONDUCTIVITY FOR STATIONS IN THE LOWER SAN JOAQUIN RIVER 
SEPTEMBER, 1970 
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The chemical analysis of the substrates is in Appendix C-6. 
These data do not indicate abnormally high amounts of any of 
the elements measured, nor are population characteristics 
correlated with variations in chemical concentrations. A 
possible exception to this is the grease and oil found at 
Station 7, where 4,200 mg/kg was found. This concentration 
conceivably could have caused the depression in the number 
of, animalsvac Stations. 


DO, pH,and temperature measurements were within a range that 
would generally be considered tolerable for benthic 
invertebrates. 


A few days prior to the benthic sampling, an investigation 
into the salinity changes in the study area was conducted to 
gain background information which might help to interpret 
results. Samples were collected and electrical conductance 
measured at each of the stations. The approximate salinity 
in mg/l of total dissolved solids can be estimated by multi- 
plying electrical conductance by 0.64. Measurements were 
made during high slack and low slack tides in order to obtain 
the extremes. Figure 26 is a plot of the mean of the E.c.'s 
found at each of the stations. From this it can be seen that 
there is a gradual increase between Station 2 and Station 7 
followed by a sharp increase in E.C. between Stations 7 and 
12. The rise in electrical conductivity between Stations 7 
and 12 is followed closely by a drop in the number of animals 
per sample. This possible relationship is most easily seen 
in Figure 24, where the numbers of Corophium are seen to drop 
sharply at Station 7 and to remain low downstream from that 
station. 


Figure 21 shows that a peak in relative toxicity occurs at 
West Island, which is where Station 7 is located, and we can 
see from Figure 26 that a sharp change in the mean electrical 
conductivity occurs in the same area. 


The trend of decreasing diversity and numbers with distance 
downstream parallels both salinity and toxicity, although 
these trends do not flatten downstream from Station 7 where 
toxicity probably becomes relatively constant. No reason is 
apparent for the depression of diversity and numbers at the 
uppermost stations. 


March 1971 


A study of benthic communities in the lower San Joaquin River 
near Antioch was conducted for a second time in March of 1971. 
The second sampling was carried out in the spring, when lower 
salinities and a reduced salinity gradient were expected. 

The station locations are included in Table 2. Twelve 
stations were sampled from 1/2 mile above the mouth of False 
River to the downstream end of New York Slough. 
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FIGURE 27 
BENTHIC INVERTEBRATE DIVERSITY FOR STATIONS IN THE LOWER SAN 


JOAQUIN RIVER MARCH, 1971 
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Figure 21 contains a plot of the estimated relative toxicity 
in the area. As before this was calculated using the dis- 
persion model of the area and bioassay results (see Volumes 
3 and 5). The peak in the relative toxicity curve occurs 
Slightly farther downstream than it did in September. This 
situation, along with the lower concentrations, was to be 
expected since flows were higher than -in September. 


Appendix A-7 contains the data obtained by the benthic 
sampling. The benthic community was composed again of three 
main species, Corophium stimpsoni, Corbicula manilensis, and 
the tubificid oligochaete. There were some additional 
annelids which were not found in the September samples. The 
species diversity indices were generally higher in March than 
in September. A comparison of Figure 27 with Figure 22 shows 
that diversity indices in March averaged approximately 0.20 
higher at the stations which were sampled also in September. 
This situation is due to the additional species recovered 
from the March samples. 


Diversity generally decreased as one moves downstream from 
False River, although the decrease was not as pronounced as 
it was in September. It is interesting to note that low 
diversity was found again at the station farthest upstream. 
As was the case in September, there is no ready explanation 
for this. Between Stations 7 and 8, there is a drop in mean 
diversity index of about 0.25; this is approximately the 
point where the peak in relative toxicity occurs (Figure 21). 


Figure 28 is a graph of the number of animals recovered from 
the samples. There is a general trend indicating reduced 
numbers downstream. The numbers of animals at each station 
are similar to the September data. The deviation at Station 
12 results from two of the four samples containing unusually 
high numbers of Corophium and tubificids. This is an example 
of the patchiness which many benthic invertebrates exhibit. 
The numbers of Corophium and Corbicula per sample, although 
variable, tend to decrease downstream (Figure 29). 


Dry weights for each species from every sample were deter- 
mined and used to calculate diversity indices (Figure 30). 
There is a slight trend in this data which follows that of 
diversity indices based on counts (Figure 27). The greater 
variances in diversities indices based on dry weights is 
probably due largely to inaccuracies involved in weighing 

oC Lang, 


The substrate composition analysis is presented in Appendix 
B-7. Bottom samples from stations 1 through 6 were composed 
Madaazilye Ot line material.» About 50% of the material was 
retained on a screen with openings of 0.053 mm. Substrates 
at Stations 7 through 13 were somewhat coarser, having the 
major portion of the material retained on a screen with 
0.297 mm openings. Station 14 is intermediate. In general 
the observed trends of diversity and numbers do not appear 
to be related to these differences. 
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FIGURE 28 
NUMBER OF BENTHIC INVERTEBRATES FOR STATIONS IN THE LOWER SAN JOAQUIN 
RIVER MARCH, 1971 
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FIGURE 29 


NUMBER OF COROPHIUM AND CORBICULA AT STATIONS 
IN THE LOWER SAN JOAQUIN RIVER, MARCH,1971 
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FIGURE 30 
BENTHIC INVERTEBRATES DIVERSITY INDICES BASED ON DRY WEIGHT PER SPECIES 
IN THE LOWER SAN JOAQUIN RIVER MARCH, 1971 
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Appendix C-7 contains the chemical analysis data for the 
Sediments. Concentrations of a few of the chemicals 
changed substantially between September and March. The 
heavy metals generally increased 2 to 3-fold and iron 
increased from approximately 3 to 7 mg/kg to more than 
30 mg/kg at Stations 6 through 12. We have no explana- 
tion for these increases. In general, the amounts of 
metals still probably do not exceed tolerance limits for 
most invertebrates and thus would not affect the benthos 
to any large degree. 


There was no supplemental study on salinity conducted in 
March, so mean monthly values from continuous electrical 
conductivity monitors at Jersey Point, Antioch, and 
Pittsburg were used. Respective means for March were 140, 
157 and 236 mg/l TDS (U. S. Bureau of Reclamation, unpub- 
lished data). These means indicate that the salinity from 
Station 7 upstream differed by less than 10% from the 
values measured in September 1970. Downstream from 
Station 7 the gradient in March was less steep with the 
Salinity estimated by interpolation at Station 12 being 
about 50% of the September measurement. 


SOUTH AND LOWER BAYS 


In mid-April 1971, benthic samples were collected from 9 
stations in South San Francisco Bay and 4 stations in 
Lower San Francisco Bay. The points which were sampled 
COrrespand to and) are abetede tne samesas those, in the 
Une. Daveotudy 8 tne 10catlons, Of thesemgstations are 
pLOc Ted: OM Figcuress 3). and) 3c. 


The original intent of this part of the study was to make 
a tentative evaluation of whether the diversity-waste 
discharge relationship observed during the U. C. Bay Study 
still exists. This was subsequently judged to be impos- 
sible, chiefly because estimates of diversity depend upon 
the level of identification. Since that varied in the 

two studies, no meaningful comparison can be made. 


The results of the current study show that the benthic 
RAUNG GES uM sparseiin parts of “this region.  Iteds spre- 
sented here, so that it is available for any future 
evaluations. Its chief values are the measure of total 
benthic invertebrate abundance and the abundance of certain 
species and genera which could be identified. 


Appendices A-8 and A-9 contain the results of the faunal 
counts. Figure 33, a plot of the numbers of organisms 
taken at the various stations, exhibits a general lack of 
trend. 
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FIGURE 33 
NUMBER OF ORGANISMS AT STATIONS IN LOWER AND SOUTH SAN FRANCISCO BAY 


FOR SAMPLES COLLECTED IN APRIL, I971 
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The variability of this data and the lack of distinguish- 
able trends is not unexpected since no attempt was made to 
keep environmental variables constant. Dissolved oxygen, 
measured at the time of sampling, ranged from 9.0 down to 
5.8 mg/l. The latter dissolved oxygen figure is for South 
Bay Station 9, which when sampled had water only 3 feet 
deep during a hign tide... The’ dissolved. oxygen. probably 
Was even less aCe lowectde. blectrical conductivity. 
temperature, and pH did not vary greatly. The water depth 
of the stations ranged from more than 40 feet at stations 
in mid-channel: to only 3 feet deep at high tide at 

pcabLlon o>. 


The substrate composition exhibited some degree of varia- 
bility also. Stations 3 and 4 in South Bay were consider- 
ably coarser and had a wider range of particle sizes than 
the other South Bay stations (Appendix B-8). The Lower 
Bay Stations 2, 3 and 6 had substrates fairly similar to 
South Bay Stations 3 and 4, while the substrate at Lower 
Bay Station 4 was essentially the same as that at the 
other South Bay stations (Appendices B-8 and B-9). 


Three stations were selected for substrate chemical 
analysis (Appendix C-8). From this limited amount of data 
Pt senuctspOsotule COMmloentity important differences 
between the stations examined. The only value with 
probable biological significance was a grease and oil 
concentration of 1,600 mg/kg at South Bay Station 9. 
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IV. DISCUSSION 
SAMPLING RELIABILITY 


Among the general considerations of this report is an 
analys iseo Ue lLiemDrecer a Oneomecice results, » Precision, is 

a measure of the variability in a set of results. Vari- 
abDibityelisatyplcartyecreateror samples of benthic 
invertebrates, because the animals are unevenly distri- 
buted and individual samples cover small areas. [In the 
present study, consideration of time and budget had to go 
alone with a desire tor maximum=precision. ~The’ original 
Study plan caldedsior four samples*=to be analyzed “from 
CACheo cao clOnewminemosl cases, Chis proved *to™be too many 
in terms of manpower and time available; therefore, three 
Samples were processed at each station. 


Precision was quite good in the lower San Joaquin River, 
Panrcleulary in the fall, and at San Leandro in-the fall. 
There confidence limits (95%) of means of diversity indices 
and numbers of animals were often on the order of 410% of 
the mean and seldom exceeded 25%. For other stations and 
periods precision was poorer, confidence limits often 
being 150% or more of the mean. Variability on this order 
obviously makes interpretations of results tenuous, and 

it resulted in apparent trends not being significant 
Stdcise Car. Vi. 


On the other hand, two kinds of evidence contribute to 
confidence that observed differences are meaningful. One 
has to do with the question of whether or not within- 
Stataon Variance 1s even greater than that reported, 

because the usual sampling procedure resultedwin all’ samples 
Deati~mcold CCLOGaWUchIn ae tCWweleOlLeOneecacneouner. 


This matter was examined through the sets of replicate 
SoupreseCoOLLeCUCGO mL LOM ecnemoan sGeanoOnOma)r Ca. Here abi Lee 
samples were collected in April at the regular station 
location, then a second set was taken 10 yards away. 

This test was made at two different stations. The results 
Piolcaved:s NOssSipniaicane Gifrerencesin diversa ty between 
the replicates, suggesting that samples at a station are 
reasonably representative of populations over a substan- 
tial area of defined habitat type exposed to a given waste 
eoncentration. 


The second and more important kind of evidence lending 
confidence is the similarity of trends shown by the two 

sets of samples taken several months apart both at San 
Leandro and in the lower San Joaquin River. This simi- 
larity demonstrates the validity of the general relation- 
Ships observed, despite unexplainable departures from trends 
at individual stations and the fact that differences between 
means often were not significant statistically. 
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DIVERSITY INDICES AS INDICATORS OF ENVIRONMENTAL CONDITIONS 


The U. ¢€; Bay Study pointed? out. Chespotentiadevaiueso.m 
diversity indices as indicators of environmental condi- 
tions. It was recognized. that an important element in 
the -interpretation.of£.diversity indices is the fact ;that 
the numerical value is partially a function of sampling 
procedures (Storrs, Pearson and Selleck, 1969 caVels 
pslLEIAa16)-< 


Some animals are motile enough to escape the dredge. The 
Ponar dredge used in the present study probably behaves 
very similarly at least in shallow waters in this respect 
to the Petersen and orange-peel dredges used in the U. C. 
Bay Study, although evidence for evaluating this supposi- 
tion is not available; 


In both studies 30 mesh screens were used so biases due 
to loss of the smallest animals should be similar. An 
attempt was made in the current study to evaluate this 
bias by using a 60 mesh screen. Little difference was 
found in the few samples sifted by the two methods, and 
the difference in sifting time was great. Both of these 
factors vary with,substratestype; though. 


Comparability _of.identification is.more;difficultisto judge, 
Both studies attempted to identify benthic organisms to 
approximately the same taxonomic level. Identification of 
these organisms is difficult because the taxonomy of many 
groups is incompletely known, and keys covering all orge- 
nisms in this region are not available. . Considering. the 
uncertainties involved though and the fact that U. C. Bay 
Study samples are apparently no longer available, no valid 
comparisons will probably ever be possible. 


Differences in identification among the various studies of 
San Francisco Bay have obviously occurred. One example is 
that the amphipod identified as Ampelisca sp. in this study 
was apparently identified similarly by Filice, but was 
identified as Photis californica by the U. C. Bay Study and 
Painter (1966). Such differences do not affect diversity 
indices as long as animals are not grouped differently. 
Considering the uncertainties involved in identification, 
it seems certain though that some inadvertent differences 
in groupings must have occurred. 


Volume 2 of this report contains a detailed discussion of 
the mathematical properties of the diversity index used to 
describe,our datay adt\is appropriateringthissdiscussio0n. 
however, to point out some features of the equation. Al- 
though the index computed by this equation is not dependent 
on Sample size, it was readily seen that, when samples 
contained small numbers of animals and species, a relatively 
Slight difference in the counts could result in a notable 
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change in diversity indices. Tnis was true in the Antioch 
Sampling area, and additional samples were analyzed to 
reduce error. Conversely as the numbers of animals and 
Species increases, the effect of a small change on the 
diversity index is decreased. 


Dry weights proved to be less suitable than species counts 
in the lower San Joaquin River for calculating diversity 
indices because variances were appreciably greater and 
because of the difficulty of obtaining comparable weights 
Lor or ans 


In most cases, it was found that» tne actual numbers of 
animals, of a particular species or of all species, was 

as good as or better than the index of diversity as an 
indicator of environmental conditions, although variability 
tended to be greater for numbers than diversity. At San 
Leandro the; trend in diversity was tne opposite of what 
would have been expected, while the numbers of animals per 
sample agreed with expectations.” It is’ possible’ to find 
identical diversity indices for samples with significantly 
different numbers of animals.” Aliso, populations with a 
few organisms evenly divided among several species would 
have a high.diversity.* For the latter Treason, it is?” 
possible for an area to appear "healthy" on the basis of 
the diversity index when the bottom fauna is really depau- 
perate. Using only numbers of animals has important 
potential drawbacks, though, since highly polluted but 
enra chedsalreaseoL con navesrreatsnumoens, Ol-as lew species. 


ROGL tonal tyes consvaecracion must» be* given=to~ Che distribu 
TLONSOLmINGC wiOUpleovec loom tie eVvalUavulngeerl CCtS. Ole polii— 
tants. It is well known that many benthic invertebrates 
are not randomly distributed. Some exhibit marked 

Hrel erence: 1 Orsceporta cular subs trace. types salinity. or 
dissolved oxygen. Seasonal changes in abundance of various 
Species occur and may result in incorrect generalizations 
concerning a benthic community that are based on data from 
a single sampling period. Further, the responses to par- 
TiEculam TOmi calle TOLremOclerivenrepra ces are nour KiOWn. 
Different species may react quite differently to any given 
waste; this was demonstrated by bioassays with the stickle- 
back and other fish and invertebrates (Volume 3). 


RELATIONSHIPS OF BENTHIC COMMUNITIES TO WASTE TOXICITY 
Individual Sites 


Diversicy wndices. tor the=san* Leandro’ cove area’ nad a 
relation to*relative toxicity opposite to that which was 
expected for theoretical reasons and opposite to that 
hypothesized by» thesU. C. Bay study... The trends’ of diver- 
sity and=numbers found there appear, though, to be caused 
by the toxic effect of the waste. 
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At the Standard Oil refinery the expected inverse rela- 
tionship between relative toxicity and benthic species 

diversity was found. Again toxicity appeared to offer 

the best explanation for the observed effects. 


While toxicity appears to offer the best explanation of 
effects of wastes at both San Leandro and the Standard Oil 
refinery, other waste characteristics cannot be ruled out 
with certainty, because the effects of these character- 
istics on invertebrates are largely unknown. At the 
highest waste concentrations examined, salinity at San 
Leandro and temperature and oxygen at Standard Oil are 
such, that. the, possibility. of) their effect. isedebatagie. 

At the outer stations. in each area, their effect is quite 
improbable. 


Thus, this study's objective of gathering evidence to 
determine whether a cause and effect relationship exists 
between toxicities of wastes and benthic community struc- 
ture.was. partially realized... Itewasynot fully. realized 
because of the limited number of suitable sites found, 
and because at those sites which were found variables 
other than, toxicity could not be eliminated as completely 
as is desirable. 


The trend of diversity at San Leandro indicates that the 
inverse relationship between diversity and toxicity des- 
cribed in the Bay-Delta report is not universal. Since 
only two observations of this relationship were made, 
there is no way to determine whether this instance is an 
isolated exception. Quite generally accepted ecological 
principles and inverse relationships reported by other 
pollution studies (Wilhm and Dorris, 1908, Kaiser Engi- 
neers, 1969, and Warren, 1971) suggest that it is an 
isolated exception...iIn that. case,. the inverse diversity- 
waste concentration relationship might still be a useful 
water quality management tool in the Bay-Delta system. 


The limited number of suitable sites also resulted in too 
few observations being made to permit a general conclusion 
as to whether a given toxicity concentration causes 
approximately the same degree of biological effect, 
irregardless of the actual. chemical causing the toxicity. 
Thus a@ primary study objective was not achieved, but some 
Specific observations made during the study do provide 
insight on the subject. 


At San Leandro, effects on benthic communities were observed 
at waste concentrations ranging from 7.2% to 2.2%, but not 
at lower concentrations in the offshore area. The best 
estimate of the 96-hour TL o for stickleback at San Leandro 
is .44% (Volume 3, Table 47: 
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the range of estimate relative toxicity concentrations 
over which effects were observed is 165 to 50 ml/1. 


At the Standard Oil site, effects were observed at waste 
concentrations ranging from 4.0% to 0.5%, and the mean 
96-hour TLeg for stickleback was 80.5%. Thus, the effect 
of toxicity appeared to be evident at RT concentrations 
ranging from about 6 ml/l to 50 ml/l. The presence of 
San Pablo sewage treatment plant waste in this area prob- 
ably would increase the values of relative toxicity from 
local sources to approximately 7 to 55 ml/1. 


It is important to note here that the Kaiser Engineers in 
their Bay-Delta report (1969) concluded that "detectable 
damage will be done to the benthic fauna in those areas 
where relative toxicity is not reduced or diluted by a 
factor of 25". This is equivalent to 40 ml/l of relative 
toxicity. At Standard O11, we were able to detect an 
influence of wastes on the benthos at concentrations of 
relative toxicity well below 40 ml/l. The limit of 
detectable effects at San Leandro was very similar to that 
identified in the Bay-Delta report. 


Several factors make the results of the two studies not 
directly comparable. The most important of these are: 


(1) The proximity of observations to the discharge 
point in the current study results in little 
time for decay of toxicities. 


(2) This proximity also results in greater varia- 
tions in toxicity concentrations during the 
tidal cycle, so the difference between maximum 
and mean concentrations is undoubtedly greater. 


(3) The situation being observed in the current 
study involves the effect of one or two wastes 
at relatively high concentrations, while Bay- 
Delta analysis concerned the combined effects 
of many wastes at lower concentrations. 


(4) In the current study effects are being differ- 


entiated against an undefined background 
concentration. 
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The first three of these factors should cause a given mean 
concentration in the current study to have a greater effect 
than the same mean in the Bay-Delta analysis. These 
results suggest that the limit of effects at San Leandro 
was at a relative toxicity concentration greater than that 
hypothesized as being limiting by the Bay-Delta Program. 
Since the observed limits at Standard Oil was lower than 
the Bay-Delta Program's hypothesized limit by a factor of 
about 6, it would probably still be lower after being cor- 
rected for the: biases. 


Lower San Joaquin River 


Lower San Joaquin River data indicate a general trend of 
downstream reduction in total numbers and diversity of 
benthic invertebrates. These trends: in benthic community 
characteristics are generally inversely related to trends 
in) both relative. toxicity. and salinities, 


Changes in other measured chemical or physical properties 
of the environment were not closely related to the observed 
benthic. community trends. Hence; the results suggest. that 
the observed trends were caused by either salinity or 
toxicity differences. Some doubt is introduced since 
neither the trend nor magnitude of benthic community 
characteristics changed between September and March des- 
pite the changes in salinity and toxicity. However, this 
could be due to benthic communities being relatively stable 
and responding primarily to overall annual conditions. 


The data are inadequate for distinguishing the relative 
effects of salinity and toxicity with any degree of cer- 
Lainty. .<lrends offs salinity sandmcox.cd ov Were COOscun. Las 
for relationships to be differentiated by statistical 
means, considering the precision and accuracy of the 
measurements involved. 


Since toxicity probably remains quite constant downstream 
from Station 7 while trends in the benthic community 
characteristics do not i changeraty thatpooint., 1c might, be 
argued. that salinity is more important. 


The U. C. Bay Study developed an equation to take into 
account the relationship of the benthic community diver- 
sity index to salinity and composition of the substrate. 
Thiss equationgs sceel gaa. 0.10e+ 0, 090m ChlOross tye2/ mer 
0.0061 (% sand) (Storrs, et al, 1969). From this equa- 
tion, diversity would be expected to increase as salinity 
increases. If the decrease observed by us is in fact due 
to the changes in salinity and is not the result of waste 
concentration changes or some other factor, there is a 
discrepancy between our results and the realtionship pro- 
posed in the Bay-Delta report. 
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This discrepancy appears to be readily explainable on 
theoretical grounds. The downstream end of the San 

Joaquin River sampling area is situated in the part of 

the estuary which undergoes the greatest daily and 

annual fluctuations in salinity. This environment is 
transitional between the bay and river habitats, and there- 
fore a relatively harsh environment. Hence, fewer species 
are able to survive and diversity is relatively low when 
compared to that in areas farther upstream or down into 

the Bay proper. 


Thus, theoretically, a cause and effect relationship 
between diversity indices and salinity is reasonable in 
the area under consideration. On the other hand there-is 
no general principle leading one to expect a relationship 
between salinity and numbers of invertebrates. 


Considering all of the uncertainties the lower San Joaquin 


River results do not contribute any definite evidence 
concerning the effects of waste discharges. 
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V. SUMMARY AND CONCLUSIONS 


This report describes a portion of the Toxicities and 
Biostimulation Studies designed to evaluate effects of 
waste discharges on benthic invertebrate communities. 

A general relationship was sought between the level of 
acute toxicity from discharges and the degree of effect 
on invertebrate communities. 


The basic approach was to select waste discharges with 
dispersion zones in which waste concentrations could be 
defined and in which waste toxicity would be the primary 
variable potentially affecting benthic invertebrates. 

The abundance of individual invertebrate species and the 
diversity of the community were measured at points cover- 
ing the range of waste concentrations present. Observed 
trends in community characteristics were then compared 
with toxicity concentrations calculated from acute toxi- 
city bioassays on fish conducted in another portion of 
the study. Im one case, additional information on inver- 
tebrate communities was gathered from communities which 
grew on artificial substrates. 


Only two discharge sites were found in the Bay-Delta sys- 
tem which had characteristics reasonably compatible with 
the planned approach. MTherefore, two additional study 
areas were selected to examine the combined effects of a 
group of waste discharges on benthic invertebrate com- 
munities over a substantial segment of the estuary. One 
of these areas was the lower San Joaquin River and the 
other was Lower and South San Francisco Bay. In the latter 
case, the primary purpose was to make some assessment of 
whether changes had occurred in invertebrate communities 
in response to waste discharge changes since the U. C. Bay 
Study. This was not possible though due to uncertainties 
concerning the identification of invertebrates. 


On some occasions the precision of measurements of inver- 
tebrate numbers and diversity was good, with 95% confidence 
limits being on the order of 20% of the mean. Frequently, 
though, precision was considerably poorer so apparent 
trends were not Significant statistically. 


Sampling on two different occasions in the lower San 
Joaquin River and at the San Leandro sewage treatment plant 
indicated similar trends in both numbers and diversity of 
invertebrates. This and the similarity of communities at 
replicate stations with the same waste concentration indi- 
cate that sampling results are indicative of the benthic 
communities present. Diversity, numbers of individuals, 
and individual species distribution all proved important 

in evaluating benthic community status. 
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At the individual discharges studied, San Leandro -sewage 
treatment plant and the Standard Oil refinery at Richmond, 
trends in benthic diversity and numbers were correlated 
with waste concentrations. In both cases, effects were 
probably, but nov certainly, Caused = byacue euOk cle yom 

the wastes. 


At San Leandro effects on diversity and numbers were 
identifiable down to RT concentrations which were probably 
equivalent to a somewhat greater concentration than the 

40 ml/l hypothesized by the Bay-Delta Program to be the 
limit causing adverse effects. At Standard Oil the com- 
parable RT concentration was probably equivalent to a 
concentration lower than 40 ml/1. 


A study at another site, the former Mountain Copper Com- 
pany discharge at Suisun Bay, merely served to identify an 
area of severe degradation. The degradation is probably 
due to residual concentrations of heavy metals, although 
not enough is known about invertebrate requirements to be 
SUrE Of Gino. 


A study of benthic invertebrates in the lower San Joaquin 
River showed trends of decreasing invertebrate abundance 
and diversities from the mouth of False River to Pitts- 
burg. These trends were related inversely to trends in 
salinity and waste. toxicity, and=intonmatvion ais insult 
cient to distinguish between effects of the two. 


The principalaconciLusions /fromathe.~study, ares 
INDIVIDUAL DISPERSION ZONE STUDIES 


1. The individual waste discharges studied affected ben- 
thic invertebrate communities within their dispersion 
zones. 


2. The most reasonable explanation for the observed 
effects on benthic invertebrate communities is that 
they were caused principally by the toxic character 
of the wastes. 


3. The diversity and numbers of benthic invertebrates 
were inversely related to waste concentration, with 
the exception. of -.a direct relationship insdiversity at 
San Leandro. The latter is contrary to the relation- 
ship hypothesized by the Bay-Delta Program and that 
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expected from general ecological theory. However, 
the significance of this exception cannot be evaluated 
due to the limited number of observations. 


Suspension of chlorination of the San Leandro waste 
for 30 days produced no apparent changes in the rela- 
tionship of numbers or diversity of benthic inverte- 
brates  torwascte concentration. This indicates that 
either chlorination did not affect the benthos or the 
30-day cessation of chlorination was too short a time 
Por manifestation of changes, 


REGIONAL STUDIES 


5. 


The number of waste discharges in the Bay-Delta system 
having dispersion zones with characteristics suitable 
for the approach used in this study is very limited. 
As a result, no such study can produce enough observa- 
tions to identify general relationships between toxi- 
city concentrations and the degree of effect on 
invertebrate communities. 


Benthic invertebrate numbers and diversity are inversely 
related to waste concentrations in the lower San 

Joaquin River. They are also correlated with salinity 
though, so it is impossible to identify the causative 
factor with available evidence. 


BENTHIC INVERTEBRATES AS WATER QUALITY INDICATORS 


ihe 


The similarity of communities during the two sampling 
periods at both San Leandro and the lower San Joaquin 
River reflect stability, indicating that the communities 
integrate environmental effects over a considerable 
period of time. This is valuable in evaluating long- 
term effects of pollution: As a result, though, 
invertebrate communities have limited value in evalua- 
ting short-term effects, such as the stopping of 
chlorination at San Leandro. Other important limita- 
tions are frequently high sampling variability and the 
high cost of processing samples. 


Diversity, numbers and individual species distribution 
should all be considered in evaluating benthic inver- 
tebrate communities. 


Great care must be taken to establish the correct 
identification of all specimens in such studies. Incor- 
rect identifications can cause errors in the calculation 
of diversity indices. More important, misidentification 
could lead to later false conclusions that a particular 
species was no longer present due to water quality con- 
ditions when it was in reality present but misidentified 
in a previous study about environmental changes. It is 
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apparent that the taxonomic description of inverte- 
brates in San Francisco Bay and the availability of 
taxonomists with the necessary expertise are such 
that a much greater effort than was possible in the 
current study would be required to describe environ- 
mental effects thoroughly based on the distribution 
of invertebrate communities. 
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APPENDIX A-1 


BENTHIC ANIMALS, STANDARD OIL 


: a/ a/ a / 
Individual Animals Number Depth = Temp. D.O. 
Genera and Species Present (ft. ) ( C) Pie Oe os (ppm) 
STATION 1 -- SAMPLE A 10 dae 7.8 205 9.5 
ARTHROPODA 
Ampelisca sp. dt hyais e, @. 
Corophium sp. Yeh 
Synidotea laticauda a 
MOLLUSCA 
Mya arenaria 59 
Modiolus sp. 4 
Tapes semidecussata tb 
ANNELIDA 
Polychaeta unid. 29 
Oligocheata 
Tubificids 23 


Total 1,478 Dil. =-0 239 
STATION 1 -- SAMPLE B 


ARTHROPODA 
Ampelis sp. oe 


Corophium sp. 6 
MOLLUSCA 


Odostomia sp. aL 
Mya arenaria 33 
Gemma gemma 2 
Modiolus sp. a 
Nassarius sp. L 
ANNELIDA 
Polychaeta unid. 10 
Oligochaeta 
Tubificids 2 
NEMERTEA iL 
Total WqCOG” LDal.e=10.3) 


STATION 1 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. a eg 23 0) 
Corophium sp. 2 
Cumacea 3 
Leptochelia sp. iby e 


a/ E.C., D. O. and Temp. values are for high slack tide 
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BENTHIC ANIMALS, STANDARD OIL 


Individual Animals 
Genera and Species 


MOLLUSCA 
Modiolus sp. 
Mya arenaria 
Macoma sp. 
Nassarius sp. 
ANNELIDA 
Polychaeta unid. 


Streblospio benedicti 


Oligochaeta 
Tubificids 


Total 


STATION 2 -- SAMPLE A 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 
MOLLUSCA 
Mya arenaria 
Gemma gemma, 
Odostomia sp. 
ANNELIDA 
Polychaeta unid. 
Streblospio benedicti 


Oligochaeta 
Tubificids 
Total 
STATION 2 -=- SAMPLE B 
ARTHROPODA 


Ampelisca SDe 


Corophium sp. 

Leptochelia sp. 
MOLLUSCA 

Gemma gemma 

Mya arenaria 

Nassarius sp. 
ANNELIDA 

Streblospio benedicti 

Polychaeta unid. 

Oligochaeta 

Tubificids 
Total 


Number 
Present 


Depth Temp. D.O. 
(its) (°c) Ph. EeCs (ppm) 
D.I. = 0.69 
10 8.4 eo 235 9.2 
8.1 198 9.4 
DI. = 0.96 
Del =.0.97 
Aol 


APPENDIX A-1 
BENTHIC ANIMALS, STANDARD OIL 


Individual Animals Number Depth Temp. Des 
Genera and Species Present Gin Sc Ph. ‘Hed en m) 


STATION 2 -- SAMPLE C 


ARTHROPODA 

Corophium sp. 19 
MOLLUSCA 

Gemma gemma 354 

Mya arenaria 31 
ANNELIDA 

Polychaeta, unid. 33 

Streblospio benedicti 720 

Oligochaeta 

Tubificids 214 
Total Leyes UG EP abe a8) 
STATION 3 -- SAMPLE A 
8 feo T9 221 Ore 
9.4 189 8.4 

ARTHROPODA 

Corophium sp. 5 

Ampelisca sp. at 
MOLLUSCA 

Mya arenaria 3 

Gemma gemma 5 
ANNELIDA 

Polychaeta unid. 123 

Streblospio benedicti 3,981 

Oligochaeta 

Tubificids 1,046 


Total 5,162 D.I. = 0.61 


STATION 3 -- SAMPLE B 


MOLLUSCA 
Gemma gemma 366 
Macoma sp. 2 
Mya arenaria 33 
ANNELIDA 
Polychaeta unid. 95 
Streblospio benedicti 4 321 
Oligochaeta 
Tubificids 1,262 
Total CEO7 Ome Ds lee =1 0.02 
A-1 


Individual Animals 


yenera and Species 
STATION 3 -- SAMPLE C 


ARTHROPODA 
Corophium sp. 


Leptochelia sp. 
MOLLUSCA 


Gemma gemma 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta 
Tubificids 
Polydora uncata 
NEMATODA 
Total 


STATION 4 -- SAMPLE A 


ANNELIDA 
Polychaeta unid. 
Oligochaeta 

Total 


STATION 4 -- SAMPLE B 
ARTHROPODA 


Ampelisca sp. 
ANNELIDA 


Streblospio benedicti 


Oligochaeta 
Total 


STATION 4 -- SAMPLE C 
MOLLUSCA 


Gemma gemma 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta unid. 
Total 


APPENDIX A-1 


BENTHIC ANIMALS, STANDARD OIL 


Number 
Present 


6 
ak 
280 


5179 
(C. 


1,490 
4 


Bb 
7,036 


Depth 
ft. 


D.I. = 0.64 


Del: =,0.36 


A-1 


Temp. 


we 


Ph. 


E.C. 


APPENDIX A-1 
BENTHIC ANIMALS, STANDARD OIL 


Individual Animals Number Depth Temp. D7O* 
Genera and Species Present Cte °c Ph. EsGs pm) 


STATION 4 -- SAMPLE D 


MOLLUSCA 
Gemma gemma as 
Mya arenaria ai 
ANNELIDA 
Oligochaeta unid. Be 
Total BieeeDo l= 0.26 
STATION 5 -- SAMPLE A 4 79 7126 2g 9.0 
10.9 206 6.0 
ARTHROPODA 
Corophium sp. ibe ye 
MOLLUSCA 
Mya arenaria ae 
Gemma gemma 106 
ANNELIDA 
Polychaeta unid. 62 
Streblospio benedicti 1,509 
Oligochaeta 
Tubificids 210 
Total 2,046 Di ler =15038 


STATION 5 -- SAMPLE B 


ARTHROPODA 
Corophium sp. 585 
MOLLUSCA 
Gemma gemma 292 
Mya arenaria 63 
Macoma sp. ie 
ANNELIDA 
Polychaeta unid. TET gS: 
Streblospio benedicti 3,401 
Oligochaeta 
Tubificids lage) 5 


Total 6,056 D.I. = 1.19 
STATION 5 -- SAMPLE C 


ARTHROPODA 
Corophium sp. 76 


APPENDIX A-1 


BENTHIC ANIMALS, STANDARD OIL 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present tt. xe Phos Beles m 
MOLLUSCA 
Macoma sp. LO 
Gemma gemma oy 
Mya arenaria 9 . 
ANNELIDA 
Streblospio benedicti 2 091 
Polychaeta unid. 70 
Oligochaeta unid. 8 
Tubificids 858 
Total Sets anhamy eyes e 
STATION 6 -- SAMPLE A 4 8.6 fare: 296 8.8 
8.3 21h 9.6 
ARTHROPODA 
Ampelisca sp. 4 
Corophium sp. 16 
MOLLUSCA 
Modiolus sp. 1 
Mya arenaria 112 
Gemma gemma 472 
ANNELIDA 
Polychaeta unid. a5 
Streblospio benedicti 1,840 
Oligochaeta 
Tubificids 83 
Total 25553 ee Ds bea =s On OL 


STATION 6 -- SAMPLE B 


ARTHROPODA 

Corophium sp. is 
MOLLUSCA 

Mya arenaria 30 

Gemma gemma 205 
ANNELIDA 

Streblospio benedicti 54 

Polychaeta unid. L 

Oligochaeta 

Tubificids 14 
Total B05) Delos. eo 
A-1 


APPENDIX A-1 


BENTHIC ANIMALS, STANDARD OIL 


Individual Animals 
Genera and Species 


STATION 6 --SAMPLE C 


ARTHROPODA 
Corophium sp. 
MOLLUSCA 
Gemma gemma 
Mya arenaria 
Macoma sp. 
ANNELIDA 
Polychaeta unid. 


Streblospio benedicti 


Oligochaeta 
Tubiticids 
Total 


STATION 7 -- SAMPLE A 


ARTHROPODA 


Ampelisca sp. 


Corophium sp. 
MOLLUSCA 


Gemma gemma 

Mya arenaria 

Odostomia sp. 
ANNELIDA 

Polychaeta unid. 


Streblospio benedicti 


Oligochaeta 
Tubificids 
Total 


STATION 7 -- SAMPLE B 


ARTHROPODA 
Corophium sp. 
Ampelisca sp. 

MOLLUSCA 
Mya arenaria 
Gemma gemma 

ANNELIDA 
Polychaeta unid. 


Streblospio benedicti 


Oligochaeta 
Tubificids 
Total 


Number 
Present 


Depth 
Etre 


Delon slctl 


Dele 54 


Temp. 


°c 


Individual Animals 
Genera and Species 


STATION 7 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 

MOLLUSCA 
Mya arenaria 
Gemma gemma 

ANNELIDA 
Polychaeta unid. 
Streblospio benedicti 
Oligochaeta 

Tubificids 
Total 


STATION 8 -- SAMPLE A 


ARTHROPODA 
Corophium sp. 
Ampelisca sp. 

MOLLUSCA 
Gemma gemma 
Mya arenaria 

ANNELIDA 
Polichaeta unid. 


Streblospio benedicti 


Oligochaeta 
Tubificids 
Total 


Number 
Present 


APPENDIX A-1 


Depth 
bie 


Dio ee =a o3 / 


A-1 


BENTHIC ANIMALS, STANDARD OIL 


Temp. 


BC 


Ph. 


APPENDIX A-2 


BENTHIC ANIMALS, MOUNTAIN COPPER 
June el, 1971 


Individual Animals Number Depth Temp. 
Genera and Species Present TGs BC 
STATION 1 -- SAMPLE A h -- 
ANNELIDA 
Oligochaeta unid. 1 
Total ue 


STATION 1 -- SAMPLE B 


ANNELIDA 
Oligochaeta unid. as 
Total iL. 


STATION 1 -- SAMPLE C 


MOLLUSCA 
arenaria 4 
ANNELIDA 
Oligochaeta unid. 4 
Polychaeta unid. 1 
Total 9 
STATION 2 -- SAMPLE A 6 -- 
ANNELIDA 
Oligochaeta unid. {i 
Total "i 
STATION 2 -- SAMPLE B 
ARTHROPODA 
Ampelisca sp. al 
MOLLUSCA 
Mya arenaria 2 
Total 3 
STATION 2 -- SAMPLE C 
MOLLUSCA 
Mya arenaria 2 
Total 2] 
A-2 


APPENDIX A-2 


BENTHIC ANIMALS, MOUNTAIN COPPER 
June 21, 1971 


Individual Animals Number Depth Cla 
Genera and Species Present Cae H m 
STATION 3 -- SAMPLE A 6 oon 720 
ANNELIDA 
Oligochaeta unid. it 
Total 1 
STATION 3 -- SAMPLE B 
No animals 0) 
STATION 3 -- SAMPLE C 
ANNELIDA 
Oligochaeta unid. 3! 
Total 3 
STATION 4 -- SAMPLE A 4 8.2 780 
No animals 0) 
STATION 4 -- SAMPLE B 
No animals O 
STATION 4 -- SAMPLE C 
ANNELIDA 
Polychaeta unid. 1 
Total ub 
STATION 5 -- SAMPLE A 6 Ore 600 
MOLLUSCA 
Mya arenaria at 
ANNELIDA 
Polychaeta unid. a 
Nereis sp. Al 
Total 3 
STATION 5 -- SAMPLE B 
ANNELIDA 
Nereis sp. 5 
Oligochaeta unid. 3 
Total 6 
Ae#2 


8.3 


8.5 


APPENDIX A-2 


BENTHIC ANIMALS , MOUNTAIN COPPER 
June 21, 1971 


Individual Animals Number Depth Temp. Cra De07 
Genera and Species Present ft. (EC pH m (ppm) 


STATION 5 -- SAMPLE C 


ANNELIDA 
Oligochaeta unid. 9 
Polychaeta unid. 4 
MOLLUSCA 
Mya arenaria 4 
Total ale 
STATION 6 -- SAMPLE A 4 -- 7.8 720 8.4 
ANNELIDA 
Oligochaeta unid. 2 
Polychaeta unid. 1 
Total 3 
STATION 6 -- SAMPLE B 
ANNELIDA 
Polychaeta unid. mn 
Oligochaeta 2 
Nereis sp. AG 
MOLLUSCA 
Mya arenaria 4 
ARTHROPODA 
Isopoda unid. a 
Total 13 
STATION 6 -- SAMPLE C 
ANNELIDA 
Nereis sp. 4 
Oligochaeta unid. ich 
Total uy 
STATION 7 -- SAMPLE A 6 -- 8.0 720 8.6 
ANNELIDA 
Oligochaeta unid. 14 
Total 14 
A-2 


APPENDIX A-2 


BENTHIC ANIMALS, MOUNTAIN COPPER 
June 21, 1971 


Individual Animals Number Depth Temp. CL pyiOr 
Genera and Species Present Cate oe pH pm ppm 


STATION 7 -- SAMPLE B 


ANNELIDA 
Oligochaeta unid. 8 
Total 8 
STATION 7 -- SAMPLE C 
ANNELIDA 
Oligochaeta unid. 6 
Total 6 
STATION 8 -- SAMPLE A 4 -- 8.0 720 Cee 
ANNELIDA 
Oligochaeta unid. Bly 
Total cans 
STATION 8 -- SAMPLE B 
ANNELIDA 
Oligochaeta unid. 263 
ARTHROPODA 
Corophium sp. au 
Total 264 
STATION 8 -- SAMPLE C 
ANNELIDA 
Oligochaeta unid. 341 
Total 341 


A-2 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 
October 30, 1970 


Individual Animals Number Depth Temp. 
Genera and Species Present Ture C 
STATION 107 -- SAMPLE A 6 14 
ARTHROPODA 
Corophium sp. 8 
Hemigrapsus oregonensis 3 
MOLLUSCA 
Ostrea lurida 186 
Crepidula perforans 193 
Gemma gemma ik 
Amphissa sp. 18 
ANNELIDA 
Streblospio benedicti 4 
Polychaeta unid. 118 
Oligochaeta unid. 170 
CNIDARTIA 
Metridium senile 18 
Total Tate? | Wyhs eA 


STATION 107 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 14 
Corophium sp. 179 
MOLLUSCA 
Tapes semidecussata al 
Crepidula perforans 4 
Modiolus sp. a 
Ostrea lurida 8 
ANNELIDA 
Streblospio benedicti i 
Polychaeta unid. 109 
Oligochaeta unid. 214 


Total SAleee Dol. ml sco 


STATION 107 -- SAMPLE C 


ARTHROPODA 
Corophium sp. 311 
Ampelisca sp. Ke) 
Synidotea laticauda in 


ae 


BENTHIC ANIMALS, SAN LEANDRO 


APPENDIX A-3 


October 30, 1970 


Individual Animals Number 
Genera and Species Present 

MOLLUSCA 
Ostrea lurida Sil 
Tapes semidecussata mE 
Modiolus sp. uf 
Crepidula perforans ies 

ANNELIDA 
Streblospio benedicti al 
Polychaeta unid. 70 
Oligochaeta unid. 549 
NEMATODA 14 

CNIDARIA 
Metridium senile 4 
Total Te T52 


STATION 108 -- SAMPLE A 


ARTHROPODA 
Corophium sp. Ta 
Ampelisca sp. a) 


Hemigrapsus oregonensis \ 
MOLLUSCA 


Ostrea lurida 226 
Tapes semidecussata 4 
Crepidula perforans 9 
Modiolus sp. i 
ANNELIDA 

Polychaeta unid. 318 

Oligochaeta 
Tubificids i 
Oligochaeta unid. 410 
Total 1,043 


STATION 108 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. eu 
Corophium sp. 36 
Synidotea laticauda 1b 
MOLLUSCA 
Ostrea lurida 9 
Crepidula perforans 2 
Tapes semidecussata us 
ANNELIDA 
Polychaeta unid. 185 
Oligochaeta unid. 191 
NEMATODA 3 


Depth Temp. 


ft. 


Delma tC 


A-3 


C 


456 


8.6 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 
October 30, 1970 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present Poe C H E.C. ppm 
CNIDARIA 
Metridium senile 3 
Total S5OmeeD ho sel. 17. 
STATION 108 -- SAMPLE C 
ARTHROPODA 
Ampelisca sp. 70 
Corophium sp. 182 
Synidotea laticauda 2 
Hemigrapsus oregonensis 3 
MOLLUSCA 
Crepidula perforans 5 
Ostrea lurida 8 
ANNELIDA 
Polychaeta unid. U7 
Oligochaeta unid. 485 
Total ts OO0PeeE Del = eG 
STATION 84 -- SAMPLE A 6 14.2 Cork kis 8.6 
ARTHROPODA 
Corophium sp. 25 
Ampelisca sp. 88 
MOLLUSCA 
Ostrea lurida 38 
Crepidula perforans 3 
Gemma gemma 1 
ANNELIDA 
Polychaeta unid. 91 
Oligochaeta unid. 22h 
Total THe) iyi Chalets! 


STATION 84 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 78 
Corophium sp. 36 
Synidotea laticauda 3 
MOLLUSCA 
Ostrea lurida BL 
Crepidula perforans h 
Tapes semidecussata 1 
ANNELIDA 
Streblospio benedicti 6 
Polychaeta unid. 95 
Oligochaeta 213 
Total LG 7a ie =e 
‘tel 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 
October 30, 1970 


Individual Animals Number Depth Temp. 
Genera and Species Present (citron) (°c 


STATION 84 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 74 
Corophium sp. 20 
Synidotea laticauda 2 
Hemigrapsus oregonensis iL 
Balanus sp. 5 
MOLLUSCA 
Crepidula perforans 14 
Ostrea lurida Bl 
ANNELIDA 
Polychaeta unid. 34 
Oligochaeta unid. ky 
Total SL en Dis L othe leas 


STATION 112 -- SAMPLE A 6 Thi. 


ARTHROPODA 
Ampelisca sp. 22 
Synidotea laticauda 2 
Balanus sp. 2 
Hemigrapsus oregonensis Ak 
MOLLUSCA 
Modiolus sp. 1 
Mya arenaria ak 
Tapes semidecussata EDs 
Ostrea lurida ft 
ANNELIDA 
Polychaeta unid. 197 
Oligochaeta 
Tubificids 83 
Oligochaeta unid. 281 
Total 592 Delve —s1 9 


STATION 112 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. Lh 
Corophium sp. 18 
Synidotea laticauda 5 
Hemigrapsus oregonensis 2 


434 


BENTHIC ANIMALS, SAN LEANDRO 
October 30, 1970 


Individual Animals 
Genera and Species 


MOLLUSCA 
Modiolus sp. 
Tapes semidecussata 
Ostrea lurida 
Crepidula perforans 
ANNELIDA 
Polychaeta 
Oligochaeta 
Oligochaeta 
Tubificids 
Total 


STATION 112 -- SAMPLE C 
ARTHROPODA 


Ampelisca sp. 
Corophium sp. 


Hemigrapsus oregonensis 


Synidotea laticauda 

Balanus sp. 
MOLLUSCA 

Ostrea lurida 

Tapes Ssemidecussata 

Crepidula perforans 
ANNELIDA 

Polychaeta unid. 

Oligochaeta unid. 
NEMATODA 

Total 


STATION 85 -- SAMPLE A 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 
Synidotea laticauda 
MOLLUSCA 
Gemma gemma 
Modiolus sp. 
ANNELIDA 
Streblospio benedicti 
Polychaeta unid. 
Oligochaeta 
Tubificids 
Total 


Number 
Present 


ab eR Sl 
16 


86 
54 


12 
3,428 


APPENDIX A-3 


Depth 
Dei as 0.97 
Deas = 0.69 
yet 0.96 


Temp. 


°c 


ho 


Individual Animals 
Genera and Species 


STATION 85 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 


Corophium sp. 
Leptochelia sp. 
Cumacea 
MOLLUSCA 
Gemma gemma 
Mya arenaria 
Corbicula manilensis 
Modiolus sp. 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta unid. 
Oligochaeta 
Tubificids 
CHORDATA 
Ascidea cereatodes 
NEMATODA 
Total 


STATION 85 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 
Synidotea laticauda 
MOLLUSCA 
Modiolus sp. 
Gemma gemma 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta unid. 
Total 


STATION 73 -- SAMPLE A 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 
Synidotea laticauda 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 


October 30, 1970 


Number 
Present 


778 


Depth 
EG. 


es 


Temp. 


aes 


438 


ppm 


eo 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 
October 30, 19770 


Individual Animals Number Depth Temp. ells 
Genera and Species Present ft. =e pH Beri (opm) 
MOLLUSCA 
Gemma gemma 661 
Mya arenaria 8 
Modiolus sp. 2 
ANNELIDA 
Streblospio benedicti 91 
Polychaeta unid. 22 
Oligochaeta unid. bo 
Oligochaeta 
Tubificids 9 
CHORDATA 
Ascidea cereatodes S 
Total 1,604 D.I. = 1.08 


STATION 73 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 676 
Corophium sp. Be 
Synidotea laticauda ak 
MOLLUSCA 
Gemma gemma 286 
Modiolus sp. 4 
Mya arenaria 8 
ANNELIDA 
Streblospio benedicti 203 
Polychaeta unid. 36 
Oligochaeta unid. ce 
Oligochaeta 
Tubificids 27 
CHORDATA 
Ascidea cereatodes is 


Total WGs08 Dele =e 31 


STATION 73 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 884 
Corophium sp. 51 
Synidotea laticauda 2 
MOLLUSCA 
Gemma gemma ovat 
Modiolus sp. 6 
Macoma sp. u 
Mya arenaria 8 


Individual Animals 
Genera and Species 


ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta unid. 
Oligochaeta 
Tubificids 
NEMATODA 
Total 


STATION 61 -- SAMPLE A 


ARTHROPODA 

Ampelisca sp. 

Corophium sp. 
MOLLUSCA 

Gemma gemma 

Mya arenaria 

Modiolus sp. 

Tapes semidecussata 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
CHORDATA 
Ascidea ceretodes 
NEMATODA 
Total 


STATION 61 -- SAMPLE B 


ARTHROPODA 


Ampelisca sp. 

Corophium sp. 
MOLLUSCA 

Gemma gemma 

Mya arenaria 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta unid. 
Oligochaeta 
Tubificids 
CHORDATA 
Ascidea cereatodes 
NEMATODA 
Total 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 


October 30, 1970 


Number 
Present 


181 
70 
pL 


el 


Depth 
(ft.) 


D.I. 


Dette 


= 1.05 


= 1.e1 


Temp. 
°c) 


pH 


Dos 
BaGs ppm) 
432 jas) 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 
October 30, 1970 


Individual Animals Number Depth Temp. D.0. 
Genera and Species Present Gites) (9c) pH Riwiore (ppm) 
STATION 61 -- SAMPLE C 
ARTHROPODA 
Ampelisca sp. 740 
Corophium sp. ii 
MOLLUSCA 
Gemma gemma 107 
Modiolus sp. 5 
ANNELIDA 
Streblospio benedicti 2h8 
Polychaeta unid. 34 
Oligochaeta unid. 23 
Oligochaeta 
Tubificids 130 
Total UOOC marl sl mam h.cG 
STATION 98 -- SAMPLE A 6 13.4 6.6 4O7 7.4 
ARTHROPODA 
Ampelisca sp. 369 
Corophium sp. 18 
MOLLUSCA 
Nassarius sp. 1 
Modiolus sp. 2 
Mya arenaria 38 
Gemma gemma 148 
ANNELIDA 
Streblospio benedicti 504 
Polychaeta unid. 38 
Oligochaeta unid. me 
Oligochaeta 
Tubificids 164 


Total imoou woDste i= 1e51 


STATION 98 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 68 
MOLLUSCA 
Mya arenaria LS 
Gemma gemma 137 
ANNELIDA 
Streblospio benedicti 210 
Polychaeta unid. 8 
Oligochaeta unid. 6 
Oligochaeta 
Tubificids 194 
Total 630 wes eel ny 
A=3 


APPENDIX A-3 


BENTHIC ANIMALS, SAN LEANDRO 


Individual Animals Number Depth Temp. 
Genera and Species Present fie) iC) pH 


STATION 98 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 283 
Corophium sp. 12 
MOLLUSCA 
Gemma gemma 254 
Mya arenaria 53 
Nassarius sp. i 
Macoma sp. 18 
ANNELIDA 
Streblospio benedicti 339 
Polychaeta unid. Ch 
Oligochaeta unid. 22 
Oligochaeta 
Tubificids 182 
NEMATODA is 
Total Ae, Skane nyse 
A-3 


10 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 
Aprits303.19 71 


Individual Animals Number Depth Temp. 
Genera and Species Present EC's °c 
STATION 85a -- SAMPLE A 14 
ARTHROPODA 
Ampelisca sp. 917 
Corophium sp. 332 
Cumacea 1 
MOLLUSCA 
Gemma, gemma 250 
Modiolus sp. 14 
Macoma sp. we 
Mya arenaria aL 
ANNELIDA 
Polychaeta unid. He 
Streblospio benedicti Le 
Oligochaeta 
Tubificids 119 
NEMATODA 3 
Total B® GOOmeE Del cele 


STATION 85a -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 2554 
Corophium sp. 200 
Cumacea 8 
Leptochelia sp. a 
MOLLUSCA 
Gemma gemma 263 
Modiolus sp. 13 
ANNELIDA 
Polychaeta unid. 12a 
Streblospio benedicti ies} 
Oligochaeta 
Tubificids 198 
NEMATODA el 


Total Soap, Dla = 2.06 


STATION 85a -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 872 
Corophium sp. 180 
MOLLUSCA 
Gemma gemma 
Tapes semidecussata 256 
Mya arenaria 2 
Modiolus sp. 8 


A-4 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 
April 30, 1971 


Individual Animals Number Depth Temp. 
Genera and Species Present eee te: H aCe (ppm) 
ANNELIDA 
Streblospio benedicti alee 
Polychaeta unid. A ly2 
Oligochaeta 
Tubificids 63 
NEMATODA e 
Total RHO eae ce = allo 
STATION 85b -- SAMPLE A Lieeeo.O 363 
ARTHROPODA 
Ampelisca sp. Dyess. 
Corophium sp. 201 
MOLLUSCA 
Gemma gemma 267 
Modiolus sp. Ee 
ANNELIDA 
Streblospio benedicti ati 
Polychaeta unid. 20 
Oligochaeta 
Tubificids 116 
NEMATODA iE 
Total NOVI “Doles =e hele 


STATION 85b -- SAMPLE B 


ARTHROPODA 

Ampelisca sp. 823 

Corophium sp. 180 
MOLLUSCA 

Gemma gemma 2h1 

Modiolus sp. 3 
ANNELIDA _ 

Polychaeta unid. 9 

Streblospio benedicti 19 

Oligochaeta 

TUDtIoC TOS 59 

NEMATODA 5 


Total LS O08 Del eels 


STATION 85b -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 470 
Corophium sp. 45 


A-4 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 
April 30, 1971 


Individual Animals Number Depth basen DzOe 
Genera and Species Present fte) 3) H Bas m 
MOLLUSCA 
Gemma gemma 1015 
Modiolus sp. 1 
ANNELIDA 
Polychaeta unid 5 
Oligochaeta 
Tubificids 32 
Total 60%e) Del. = 0.97, 
STATION 73 -- SAMPLE A 14 7.9 363 54 
ARTHROPODA 
Ampelisca sp. Thy 
Corophium sp. 110 
Cumacea 5 
MOLLUSCA 
Modiolus sp. 4 
Macoma sp. 25 
Gemma gemma 120 
Mya arenaria ab 
ANNELIDA 
Polychaeta unid. 2 
Total OO7— —Del. =eOe76 


STATION 73 -- SAMPLE B 


ARTHROPODA 

Ampelisca sp. 269 

Corophium sp. 41 

Cumacea it 
ANNELIDA 

Oligochaeta 

Tubificids 2 

MOLLUSCA 

Gemma gemma 28 


Total 34 Del 0.68 


STATION 73 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 311 
Corophium sp. 89 
Cumacea 2 
MOLLUSCA 
Gemma gemma Ke) 


A-4 


Individual Animals 
Genera and Species 


ANNELIDA 
Polychaeta unid. 
Oligochaeta 
Tubificids 
Total 


STATION 2 -- SAMPLE A 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 
Cumacea 

MOLLUSCA 
Macoma sp. 
Modiolus sp. 
Gemma gemma 
Mya arenaria 

ANNE LIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta 
Tubificids 
NEMATODA 
Total 


STATION 2 -- SAMPLE B 


ARTHROPODA 


Corophium sp. 
Ampelisca sp. 


Cumacea 
MOLLUSCA 

Gemma gemma 

Modiolus sp. 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta 
Tubificids 
NEMATODA 
Total 


STATION 2 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 
Cumacea 


Number 
Present 


APPENDIX A-4 


Depth Temp. 
oe 


ft. 


Drie = rene 


D.I. = 0.97 


Del eae re 


BENTHIC ANIMALS, SAN LEANDRO 
April 30, 1971 


14 


8.0 


528 


Sc 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 
Aprileson. LOyL 


Individual Animals Number Depth Temp. 70. 
Genera and Species Present (ft. ) Gc) pH EeC. (ppm) 
MOLLUSCA 
Gemma gemma 8 
Odostomia sp. ak 
Mya arenaria 2 
Modiolus sp. ut 
Macoma sp. 6 
ANNELIDA 
Streblospio benedicti 39 
Polychaeta unid. 1 ¢ 
Oligochaeta 
Tubificids 2h8 
NEMATODA 4 
Total i659 se Det. 10.94 
STATION 61 -- SAMPLE A Bis | 18h43 363 2.2 
ARTHROPODA 
Ampelisca sp. 390 
Corophium sp. 98 
MOLLUSCA 
Nassarius sp. il 
Odostomia sp. uh 
Mya arenaria Z 
Modiolus sp. 8 
Gemma gemma 155 
ANNELIDA 
Polychaeta unid. 24 
Total GTO Del ase to 


STATION 61 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 567 
Corophium sp. 128 
Cumacea ak 

MOLLUSCA 
Gemma gemma 
Mya arenaria 
Modiolus sp. 
Odostomia sp. 

Macoma sp. 

ANNELIDA 
Polychaeta unid. 
Streblospio benedicti 
Oligochaeta 

Tubificids 

NEMATODA 


pe 
= 
ine) 


VW 
[OZONE ON DORI NOEs 


4 
=] 
oO 
tH 
ul 
= 
e 

= 
~j 


Total 


> 
wt 
E 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 
April 30, 1971 


individual Animals Number Depth Temp. DyOa 
jenera and Species Present ft. 4 Hee Baty m) 


SPATTON 61 -- SAMPLE C 


ARTHROPODA 
Ampélisca sp. 1,401 
Corophium sp. 191 
Cumacea 6 
Synidotea sp. L 
MOLLUSCA 
Gemma gemma 88 
Modiolus sp. 8 
Mya arenaria 5 
Odostomia sp. 1 


ANNELTDA 

Streblospio benedicti 5 

Polychaeta unid. eT 

OLigochaeta 

Tubificids L113 
Total L846 3 =p.I. = 0.88 
SfATTON 98a -- SAMPLE A 14 8.0 363 3.6 

ARTHROPODA 

Ampelisca 598 

Corophium sp. daaks 

leptochelia sp. FF 

Cumacea h 
MOLTUSCA 

Gemma femme 5h 

Macoma sp. 3 

Mya arenaria 2 

Modiolus &p. Hb 
ANTE LTDA 

Polychaeta tunid,. 123 

Streblospio benedicti 199 

Olipochaeta 

Tubifieids Shh 
NEMA TORA 
Total 1,643 D.I. = 1.52 


STATTON 984 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. ba 
Coro um sp. 

MOEEUSCA 
Gemma genma 99 


A-4 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 


Individual Animals 
Genera and Species 


ANNELIDA 
Polychaeta unid. 
Oligochaeta 

Tubificids 

NEMATODA 

Total 


STATION 98a -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 


Cumacea 
MOLLUSCA 

Gemma gemma 

Mya arenaria 

Macoma sp. 

Modiolus sp. 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
Oligochaeta 
Tubificids 
NEMATODA 
Total 


STATION 98b -- SAMPLE A 


ARTHROPODA 
Ampelisca sp. 
Corophium sp. 


Cumacea 
MOLLUSCA 

Gemma gemma 

Mya arenaria 

Modiolus sp. 

Macoma sp. 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 
NEMATODA 
Total 


Number 
Present 


26 


A-4 


Apriin3o0 ,. 1971 


Depth 
Tue 


DI. = 2.11 


Dele = Le48 


Dl. = 14h 


Temp. 


°c 


14 


8.0 


363 


3.6 


APPENDIX A-4 


BENTHIC ANIMALS, SAN LEANDRO 
April 30, 1971 


Individual Animals Number Depth Temp. 
Genera and Species Present 5a va te 


STATION 98b -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 7OL 
Corophium sp. 20 
Cumacea 7 
MOLLUSCA 
Gemma gemma 58 
Mya arenaria nM 
Macoma sp. = 
A 
Streblospio benedicti le 
Polychaeta unid. 64 
Oligochaeta 
Tubificids 210 
NEMATODA 6 


Total PERM Ahpats colo 


STATION 98b -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. ad 
Corophium sp. 29 
Cumacea ik 
MOLLUSCA 
Modiolus sp. 3 
Macoma sp. 4 
Mya arenaria i 
Gemma gemma 124 
ANNELIDA 
Streblospio benedicti i 
Polychaeta unid. 29 
Oligochaeta 
Tubificids oni 
NEMATODA 52 
Total sy Pies ev skys! 
A-4 


APPENDIX A-5 


ARTIFICIAL SUBSTRATE, SAN LEANDRO 


Individual Animals Number Depth Temp . 
Genera and Species Present fi. ote 


STATION 73 -- SAMPLE A 


ARTHROPODA 
Corophium sp. 1, O44 
Ampelisca sp. 16 


Gnorimosphaeroma 
oregonensis al 
MOLLUSCA 
Nassarius sp. ib 


Gemma gemma 


) 
y) 
Crepidula perforans a, 
Gastropoda unid. 5) 


ANNELIDA 
Oligochaeta 
Tubificids 1 
Total 1,086 D.I. = 0.11 


STATION 61 -- SAMPLE A 


ARTHROPODA 
Corophium sp. Teoct 


Gnorimosphaerana 


oregonensis 2 
Ampelisca sp. 6 


MOLLUSCA 
Modiolus Sp. 5 
Gemma gemma i 
Total ie SOM Dele =a 0tO> 


STATION 61 -- SAMPLE B 


ARTHROPODA 
Corophium sp. 937 
elisca sp. 9 
Gnorimosphaeroma 
oregonensis i 
MOLLUSCA 
Modiolus S8Pe 1 
ANNELIDA 
Polydora uncata 2 
Polychaeta unid. 2 
Total 951 D.I. = 0.09 


APPENDIX A-5 


ARTIFICIAL SUBSTRATE, SAN LEANDRO 


Individual Animals Number Depth Tempe 
Genera and Species Present Lue % 
STATION 98 -- SAMPLE A 

ARTHROPODA 


Ampelisca sp. 


Corophium sp. 236 
MOLLUSCA 
Modiolus sp. 3 
Total DUO De len= 0.91 
STATION 98 -- SAMPLE B 


ARTHROPODA 


Hemigrapsus oregonensis al 
Corophium sp. if 
ANNELIDA 
Polychaeta unid. Vi 
Total 69) D.ls =-6.15 
STATION Inshore -= SAMPLE A 
ARTHROPODA 
Hemigrapsus oregonensis 1 
Ampelisca sp. ¥, 
Gnorimosphaeroma 
oregonensis i 
Corophium sp. 6 
ANNE LIDA 
Polychaete #A.S. 1 10 
Polychaete #A.S. 2 i 
Oligochaeta unid. 14 
Total Beh yess Sala 
STATION Inshore == SAMPLE B 
ARTHROPODA 


Hemigrapsus oregonensis 
Ampelisca sp. 


Corophium sp. 
ANNELIDA 
Polychaeta unid. 
Total 


Ble ORR 


Ds i = 0.83 


ee. 
2 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Temp. Bi DeOs 
Genera and Species Present (ft.) eeC.) pH 103 (ppm) 
STATION 2 -- SAMPLE A | 20 ad wel 6.8 184 8.2 
ARTHROPODA 197 
Corophium stimpsoni 140 
MOLLUSCA 
Corbicula manilensis ies 
Total ABS i’ D.I. = 0.29 
STATION 2 -= SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 118 
MOLLUSCA 
Corbicula manilensis 16 
Total 134 «De. = 0.36 
STATION 2 -= SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 220 
MOLLUSCA 
Corbicula manilensis 35 
ANNELIDA 
Oligochaeta 
Tubificids 2 
Total 257 Dele = O4+h 
STATION 2 -= SAMPLE D 
ARTHROPODA 
Corophium stimpsoni 114 
MOLLUSCA 
Corbicula manilensis 8 
ANNELIDA 
Oligochaeta 
Tubificids 2 
Total 12h DI. = 0632 


a/ E.C. values are for low slack and high slack tides 


A-6 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Temp e 
Genera and Species Present fte C 


STATION 3 -=— SAMPLE A 20 20.5 


ARTHROPODA 
Corophium stimpsoni ene 
MOLLUSCA 
Corbicula manilensis 16 
ANNELIDA 
Oligochaeta 
Tubificids 
Total Dei. = 0.78 
STATION 3 -=- SAMPLE B 


ARTHROPODA 

Corophium stimpsoni 292 
MOLLUSCA 

Corbicula manilensis fad 
ANNELIDA . 

Oligochaeta 

Tubificids its: 
Total hohe Dr. = "0.62 


STATION 3 == SAMPLE C 


ARTHROPODA 

Corophium stimpsoni 275 
MOLLUSCA 

Corbicula manilensis 7 
ANNELIDA 

Oligochaeta 

Tubificids eis 
Total ROSE « [ee nOe OG 


STATION 3 -- SAMPLE D 


ARTHROPODA 

Corophium stimpsoni 214 
MOLLUSCA 

Corbicula manilensis 7 
ANNELIDA 

Oligochaeta 

Tubificids 98 
Total 319 ~D.I. = 0.71 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Temp e D.O. 
Genera and Species Present (ft. ) ede, pH Eee (ppm ) 
STATION 4 --= SAMPLE A 20 20.4 Tew 203 8.8 
ARTHROPODA ols 
Corophium stimpsoni 20 
MOLLUSCA 
Corbicula manilensis 10 
ANNELIDA 
Oligochaeta 
Tubificids 14 
Total Wis Deleaag 06 
STATION 4 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 35 
MOLLUSCA 
Corbicula manilensis 26 
ANNELIDA 
Oligochaeta 
Tubificids 10 
Total fl D.Ie = 0.99 
STATION 4 -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 30 
MOLLUSCA 
Corbicula manilensis 23 
ANNELIDA 
Oligochaeta 
Tubificids 16 
Total 695 JDslee=sl.07, 
STATION 4& -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 67 
MOLLUSCA 
Corbicula manilensis 114 
ANNELIDA 
Oligochaeta 
Tubificids i 
Total LOOMED b= 8056 
A-6 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Temp. 
Genera and Species Present (fos) 2c) pH BEGe 
STATION 5 -- SAMPLE A 20 20.5 8.9 194 
ARTHROPODA 288 
Corophium stimpsoni 174 
MOLLUSCA 
Corbicula manilensis 36 
ANNELIDA 
Oligochaeta 
Tubificids 15 
Total 285 D.I. = 0.92 
STATION 5 -= SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 202 
MOLLUSCA 
Corbicula manilensis ae: 
ANNELIDA 
Oligochaeta 
Tubificids Th 
Total PoCe me D aL ee =O 9 (53 
STATION 5 -= SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 66 
MOLLUSCA 
Corbicula manilensis el 
ANNELIDA 
Oligochaeta 
Tubificids ae) 
Total Thee ape Team 01 
STATION 5 -= SAMPLE D 
ARTHROPODA 
Corophium stimpsoni 218 
MOLLUSCA 
Corbicula manilensis 23 
ANNELIDA 
Neanthes lighti it 
Oligochaeta 
Tubificids 132 
Total S7ie Dela =.0205 
A-6 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Tempe 
Genera and Species Present ft. C 
STATION 6 == SAMPLE A 20 20.5 
ARTHROPODA 
Corophium stimpsoni 61 
MOLLUSCA 
Corbicula manilensis Sf 
ANNELIDA 
Oligochaeta 
Tubificids nae 
Total LOOP Dele = 02/5 
STATION 6 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 116 
MOLLUSCA 
Corbicula manilensis 74 
ANNELIDA 
Oligochaeta 
Tubificids Beat 
Total Sys aay 3 orgies) 
STATION 6 -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 80 
MOLLUSCA 
Corbicula manilensis JS, 
ANNELIDA 
Oligochaeta 
Tubificids a) 
Total 205s Ds Lem 06 O4 
STATION 6 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni oi 
MOLLUSCA 
Corbicula manilensis 82 
ANNELIDA 
Oligochaete 
Tubificids 3 
Total Ie RRS Sy OPS 
A-6 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Temp . 
Genera and Species Present ft. Sa. 
STATION 7 -=- SAMPLE A 20 19.8 
ARTHROPODA 
Corophium stimpsoni ae 
MOLLUSCA 
Corbicula manilensis 17 
ANNELIDA 
Oligochaeta 
Tubificids Ike) 
Total 67 Decker 0.64 
STATION { -=- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni a 
MOLLUSCA 
Corbicula manilensis 8 
ANNELIDA 
Oligochaeta 
Tubificids 25 
Total Si eeeDs Tea —10.67 
STATION ~— == SAMPLE C 
ARTHROPODA 
Corophium stimpsoni s' 
MOLLUSCA 
Corbicula manilensis 505 
ANNELIDA 
OlLigochaeta 
Tubificids 25 
Total Glo (Del. =00. 71 
STATION 7 -= SAMPLE D 
MOLLUSCA 
Corbicula manilensis 35 
ANNELIDA 
Oligochaeta 
Tubificids 60 
Total 95 aD. tees .00 
A-6 


Individual Animals 
Genera and Species 


STATION 8 -- SAMPLE A 


MOLLUSCA 
Corbicula manilensis 
ANNELIDA 
Oligochaeta 
Tubificids 
Total 


STATION 8 -=- SAMPLE B 
ARTHROPODA 


Corophium stimpsoni 
MOLLUSCA 


Corbicula manilensis 


ANNELIDA 
Oligochaeta 
Tubificids 
Total 


STATION 8 -= SAMPLE C 
ARTHROPODA 


Corophium stimpsoni 
MOLLUSCA 


Corbicula manilensis 


ANNELIDA 
Oligochaeta 
Tubificids 
Total 


STATION 8 -= SAMPLE D 


MOLLUSCA 


Corbicula manilensis 


ANNELIDA 
Oligochaeta 
Tubificids 
Total 


APPENDIX A-6 


Number 
Present 


28 
39 


Depth ‘Temp. 
nue 2c 
20 20.0 
D. Ts — 0.63 
De Ie = 0.66 
dD. ie = 0.82 
Dele = 0.53 
A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Tempe D.O. 
Genera and Species Present ite i @3 H Bots m 
STATION 10 -= SAMPLE A 20 eveu Yor 412 === 
ARTHROPODA 629 
Ampelisca sp. al 
MOLLUSCA 
Corbicula manilensis 9 
ANNELIDA 
Oligochaeta 
Tubificids =) 
Total 19m Deler="O.cy, 
STATION 10 -= SAMPLE B 
MOLLUSCA 
Corbicula manilensis ea 
ANNELIDA 
Oligochaeta 
Tubificids 10 
Total 2 De Iei:= 0569 
STATION 10 == SAMPLE C 
MOLLUSCA 
Corbicula manilensis ibs 
ANNELIDA 
Oligochaeta 
Tubificids 16 
Total 29 «=~. = O48 
STATION 10 -= SAMPLE D 
MOLLUSCA 
Corbicula manilensis 8 
ANNELIDA 
Oligochaeta 
Tubificids ie 
Total 20) iD. 50-67 
A-6 


APPENDIX A-6 


BENTHIC ANIMALS, ANTIOCH 
September 14 & 21, 1970 


Individual Animals Number Depth Temp o 
Genera and Species Present ite 20) pH 
STATION 12 -= SAMPLE A 20 21.0 Ven 
ARTHROPODA 
Corophium stimpsoni 1 
MOLLUSCA 
Corbicula manilensis 14 
ANNELIDA 
Oligochaeta 
Tubificids 2 
Total Pie Dele =.0556 


STATION 12 -= SAMPLE B 


MOLLUSCA 
Corbicula manilensis 26 
ANNELIDA 
Oligochaeta 
Tubificids 4 
Total SOM eDe lens Uses 
STATION 12 -=-— SAMPLE C 
MOLLUSCA 
Corbicula manilensis tak 
ANNELIDA 
Oligochaeta 
Tubificids mc 
Total 13. -D.I.. = 0.43 
STATION 12 -=- SAMPLE D 
MOLLUSCA 
Corbicula manilensis 5 
ANNELIDA 
Oligochaeta 
Tubificids i 
Total Oe eDyl ss 0.23 
A-6 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. 
Genera and Species Present ft ge pH Eas 
STATION 1 -- SAMPLE A 20 6.0 220 
ARTHROPODA 
Corophium stimpsoni vale hh 
MOLLUSCA 
Corbicula manilensis 4 
NEMATODA L 
ANNELIDA 
Oligochaeta 
Tubificids mac 
Total C2 Bo Dele = OLn6 
STATION 1 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 264 
MOLLUSCA 
Corbicula manilensis 55 
ANNELIDA 
Oligochaeta 
Tubificids he 
Total 33900) Dele = 0-09 
STATION 1 -=- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 324 
MOLLUSCA 
Corbicula manilensis 48 
ANNELIDA 
Oligochaeta 
Tubificids KL 
Total ieee. = 0267, 
STATION 1 -=- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni ome 
MOLLUSCA 
Corbicula manilensis 19 
ANNELIDA 
Oligochaeta 
Tubificids AL 
Total Soe) IES Sateyisis! 
A-7 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present aes YO) pH E.Cs pm 
STATION 2 -- SAMPLE A 20 6.0 192 12.2 
ARTHROPODA 
Corophium stimpsoni sit 
MOLLUSCA 
Corbicula manilensis Lie 
ANNELIDA 
Oligochaeta 
Tubificids 176 
Oligochaete Al iL 
Total 38) = D.I. = 28-09 
STATION 2 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni ge 
MOLLUSCA 
Corbicula manilensis 1) 
ANNELIDA 
Oligochaete Al Hee 
Oligochaete A2 oD 
Oligochaete A3 16 
Tubificids 46 
Total DOOw es Dat saae lea 
STATION 2@ -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 148 
MOLLUSCA 
Corbicula manilensis 136 
ANNELIDA 
Oligochaeta 
Tubificids 32 
Total 416 Dele eel. lO 
STATION 2 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni 146 
MOLLUSCA 
Corbicula manilensis 83 
ANNELLDAS=0 anne 
Oligochaeta 
Tubificids 1o4 
Total 333 Del. = 1.07 
A-7 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. D.0O. 
Genera and Species Present (ft. ) 2c pH DP lege omed ayes iy) 
STATION 4 -- SAMPLE A 20 Gi. 175 9.8 
ARTHROPODA 
Corophium stimpsoni 236 
MOLLUSCA 
Corbicula manilensis 119 
ANNELIDA 
Oligochaete Al A 
Oligochaete A2 22 
Tubificids 60 
Total eteyw  Tayatye sit} 
STATION 4 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni oie 
MOLLUSCA 
Corbicula manilensis 265 
ANNELIDA 
Oligochaeta 
Tubificids _49 
Total Bol Dele = 0.f2 
STATION 4 -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni O51 
MOLLUSCA 
Corbicula manilensis 147 
NEMATODA 3 
ANNELIDA 
Oligochaeta 
Tubificids 88 
Total KOOP ae Del. =7 1605 
STATION 4 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni 261 
MOLLUSCA 
Corbicula manilensis 170 
ANNELIDA 
Oligochaeta 
Tubificids 


60 
Total YOl =s«éVv«w Te = 0.96 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present rie ne pH RIC. ppm) 
STATION 5 -- SAMPLE A 20 sc 191 9.8 
ARTHROPODA 
Corophium stimpsoni 68 
MOLLUSCA 
Corbicula manilensis ts" 
NEMATODA 18 
ANNELIDA 
Oligochaeta 
Tubificids _46 
Total 205 PPGIEAS cs The he 
STATION 5 -=- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 83 
MOLLUSCA 
Corbicula manilensis 67 
ANNELIDA 
Oligochaeta 
Tupi. ci10s ra 
Total GUS spar. alia’ 
STATION 5 -=- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 52 
MOLLUSCA 
Corbicula manilensis 5 
ANNELIDA 
Oligochaeta 
Tubificids 30 
Total sy | pes eye 
A-7 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. 
Genera and Species Present Loe) (°c) pH BisGec (ppm) 
STATION 6 -- SAMPLE A 20 (oe 198 
ARTHROPODA 
Corophium stimpsoni 52 
MOLLUSCA 
Corbicula manilensis SK 
ANNELIDA 
Oligochaeta 
Tubificids 9 
Total 98 =D.I. = 0.92 
STATION 6 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni ou6 
MOLLUSCA 
Corbicula manilensis aL 
ANNELIDA 
Oligochaeta 
Tubificids 16 
Total 10,  D.I. =0.98 
STATION 6 -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 53 
MOLLUSCA 
Corbicula manilensis 69 
ANNELIDA 
Oligochaeta 
Tubificids 18 
Total MO) ADAT. =0298 
STATION 6 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni T@) 
MOLLUSCA 
Corbicula manilensis 36 
ANNELIDA 
Oligochaeta 
Tubificids 28 
NEMATODA Sel 
Total 105 Doie sale lS 
A-7{ 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. 
Genera and Species Present fi) °c) pH BEC. 
STATION [ -- SAMPLE A 20 Gall, 2u2 
ARTHROPODA 
Corophium stimpsoni 67 
MOLLUSCA 
Corbicula manilensis 164 
ANNELIDA 
Oligochaeta 
Tubificids melO 
Total 301 Dele =e. 00 
STATION 7 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 5 
MOLLUSCA 
Corbicula manilensis 183 
ANNELIDA 
Oligochaeta 
Tubificids 33 
NEMATODA rf 
Total PS Gukgiy ah ieiabye 
STATION 7 -= SAMPLE C 
ARTHROPODA 
Corophium stimpsoni ie, 
MOLLUSCA 
Corbicula manilensis 104 
ANNELIDA 
Polychaeta unid. 1 
Oligochaeta 
Tubificids 65 
Total SNS ay SS OS) 
STATION 7 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni res 
MOLLUSCA 
Corbicula manilensis 330 
ANNELIDA 
Oligochaeta 
Tubliicids a 
Total 341 Dt. = 0.15 
A-7 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. Dic 
Genera and Species Present ioe) (°c) pH Here paAloDnn) 
STATION 8 -- SAMPLE A 20 ays 269 9.8 
ARTHROPODA 
Corophium stimpsoni 1 
MOLLUSCA 
Corbicula manilensis el 
ANNELIDA 
Oligochaeta 
Tubificids 4 
Total POu-= Dele = 0258 
STATION 8 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni th 
MOLLUSCA 
Corbicula manilensis 30 
ANNELIDA 
Oligochaeta 
Tubificids 2 
Total Bom = Dsla = 0.42 
STATION 8 -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 1 
MOLLUSCA 
Corbicula manilensis 46 
ANNELIDA 
Oligochaeta 
Mp leLe.as 2 
Total hg Dil. =0813 
STATION 8 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni 3 
MOLLUSCA 
Corbicula manilensis aa. 
ANNELIDA 
Oligochaeta 
Tubificids h 
Total 30°" D.T. = 0.60 
A-7 


Individual Animals 
Genera and Species 


STATION 9 -- SAMPLE A 
ARTHROPODA 


Corophium stimpsoni 
MOLLUSCA 


Corbicula manilensis 


ANNELIDA 
Oligochaete Al 
Pups .ClLas 
Total 


STATION 9 -- SAMPLE B 
ARTHROPODA 


Corophium stimpsoni 
MOLLUSCA 


Corbicula manilensis 


ANNELIDA 
Oligochaeta 
Tubificids 
Total 
STATION 9 -= SAMPLE C 
ARTHROPODA 


Corophium stimpsoni 
MOLLUSCA 


Corbicula manilensis 


ANNELIDA 
Oligochaete Al 
Tubitiucids 
Polychaete Al 
Total 


STATION 9 -- SAMPLE D 


ARTHROPODA 
Corophium stimpsoni 
MOLLUSCA 
Corbicula manilensis 
ANNELIDA 
Oligochaeta 
Tubificids 
Total 


APPENDIX A-7 


Number 
Present 


On W 


IS b 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Depth Temp. 


Ga) ec 
20 
Deb One 
Deleee= 10201 
¥aic, = Tare 
D.I. = 0.54 
A-7 


pH 


6.6 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. DO. 
Genera and Species Present Ceeg) (2G pH oper ppm 


STATION 11 -- SAMPLE A 20 CRS 336 9.2 


ARTHROPODA 

Corophium stimpsoni 2 
MOLLUSCA 

Corbicula manilensis 25 
ANNELIDA 

Oligochaeta 

Tubificids cs 
Total to DIL AL = se yyene 


STATION 11 -- SAMPLE B 


MOLLUSCA 
Corbicula manilensis { 
ANNELIDA 
Oligochaeta 
Tubificids 


FA 


Total Dele = 0.65 


STATION 11 -- SAMPLE C 


MOLLUSCA 
Corbicula manilensis FX@) 
ANNELIDA 
Oligochaeta 
Tubificids 
NEMATODA 


Nle 


Total D.I. = 0.68 


STATION 11 -- SAMPLE D 


ARTHROPODA 

Corophium stimpsoni 2 
MOLLUSCA 

Corbicula manilensis 4 
ANNELIDA 

Oligochaeta 

Tubificids 1S, 
Total BiG me eles =n Cen 


A-7 
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BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present a) (2c) pH E.C. _(ppm) 
STATION 12 -- SAMPLE A 20 6.9 297 8.8 
ARTHROPODA 
Corophium stimpsoni 465 
MOLLUSCA 
Corbicula manilensis 143 
ANNELIDA 
Oligochaete A3 I 
Tubificids 130 
Polydora uncata iL 
Polychaete Al poe de 
Total 153 Diet aeO 09 
STATION 12 -- SAMPLE B 
ARTHROPODA 
Corophium stimpsoni 4 
MOLLUSCA 
Corbicula manilensis 9 
ANNELIDA 
Oligochaeta 
Tubificids 95 
Polychaete A3 uh 
Total 109 D.Ie = 0.49 
STATION 12 -- SAMPLE C 
MOLLUSCA 
Corbicula manilensis 29 
ANNELIDA 
Oligochaeta 
Tubificids 38 
Total 6(- aD. lee=70-06 
STATION 12 -- SAMPLE D 
ARTHROPODA 
Corophium stimpsoni BAS 
MOLLUSCA 
Corbicula manilensis oye 
ANNELIDA 
Oligochaete Ae i 
Tubificids 283 
Polychaete A3 2 
NEMATODA 4 
Total 539 =DeI. = 0.94 
A-7 
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BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. DEO 
Genera and Species Present Gee.) ees pH E.C. (ppm) 
STATION 13 -=- SAMPLE A 20 Tee) 278 ae 
MOLLUSCA 
Corbicula manilensis 14 
ANNELIDA 
Oligochaeta 
Tubificids oo 
Total rf Die le = 0.44 
STATION 13 -- SAMPLE B 
MOLLUSCA 
Corbicula manilensis rel 
ANNELIDA 
Oligochaeta 
Tubificids 5 
NEMATODA 2 
Total 18 D.I. = 0.90 
STATION 13 -- SAMPLE C 
MOLLUSCA 
Corbicula manilensis ae 
ANNELIDA 
Oligochaeta 
Tubificids 5 
Total 22 DI. = 0.54 
STATION 13 -- SAMPLE D 
MOLLUSCA 
Corbicula manilensis sue eh 
ANNELIDA 
Oligochaeta 
Tubificids ie 
Total 138 Delier=sUcco 
A-7T 


iia 


APPENDIX A-7 


BENTHIC ANIMALS, ANTIOCH 
March 15 & 16, 1971 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present Getty) 2% pH i Coen UnE 
STATION 14 -- SAMPLE A 20 tery 218 ne 
ARTHROPODA 
Corophium stimpsoni eS 
MOLLUSCA 
Corbicula manilensis 26 
ANNELIDA 
Oligochaeta 
Tubificids et 
Total 55 Diee=—a070e 
STATION 14 -- SAMPLE B 
MOLLUSCA 
Corbicula manilensis 50 
ANNELIDA 
Oligochaeta 
Tubificids te) 
Total 59 DeLee ss 
STATION 14 -- SAMPLE C 
ARTHROPODA 
Corophium stimpsoni 2 
MOLLUSCA 
Corbicula manilensis 82 
ANNELIDA 
Oligochaeta 
Tubificids ae 
STATION 14 -- SAMPLE D 
MOLLUSCA 
Corbicula manilensis 6 
ANNELIDA 
Oligochaeta 
PupLeLeLas ne) 
Total O°; Gicler=n0,64 
A-7 


APPENDIX A-8 


BENTHIC ANIMALS, SOUTH BAY 
April 14, 1971 


Individual Animals Number Depth Temp. 20s 
Genera and Species Present ing vie H Bucs m 


STATION 1 -- SAMPLE A 15.0 7.9 346.1 8.0 


ARTHROPODA 
Ampelisca sp. 2h3 
Corophium sp. 
MOLLUSCA 
Modiolus sp. 
ANNELIDA 
Oligochaeta 
Tubificids 
Streblospio benedicti 


5 
2 
30 
uk 
Polychaeta unid. 4 
Total 283 


STATION 1 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 279 
Corophium sp. 24 
MOLLUSCA 
Tapes semidecussata 2 
Crepidula perforans ue 
Modiolus sp. 14 
ANNELIDA 
Polychaeta unid. 9 


Total 329 
STATION 1 -- SAMPLE C 


ARTHROPODA 

Ampelisca sp. 350 

Corophium sp. nh 
NEMATODA h 
MOLLUSCA 

Modiolus sp. 2 
ANNELIDA 

Streblospio benedicti 33 

Polychaeta unid. ho 

Oligochaeta 

Tubificids a5 
Total 


STATION 2 -- SAMPLE A 14.5 8.3 346.1 9.0 
ARTHROPODA 


Ampelisca sp. 3H 
Corophium sp. a 


A-8 


APPENDIX A-8 


BENTHIC ANIMALS, SOUTH BAY 
April 14, 1971 


Individual Animals Number Depth Temp. D.O. 


Genera and Species Present (Eta (20) DH eet ee (ppm ) 


CNIDARIA 
Metridium senile of 

ANNELIDA 
Polychaeta unid. 3 
Streblospio benedicti ap 

Oligochaeta 

Tubificids 2 

MOLLUSCA 
Tapes semidecussata oe 
Crepidula perforans di 
Gemma gemma 3 
Mya arenaria 4 
Modiolus sp. 63 
Total 435 


STATION 2 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 13 
Corophium sp. 4 
ANNELIDA 
Streblospio benedicti ime 
Polychaeta unid. ak 
Oligochaeta 
Tubificids ee 
Total 184 


STATION 2 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. abe} 
Corophium sp. 4 
ANNELIDA 
Streblospio benedicti 2 
Oligochaeta 
Tubificids 6 
MOLLUSCA 
Gemma gemma 4 
Modiolus sp. 23 
Total 192 


STATION 3 -- SAMPLE A 14.5 So 1a 4 3he ei 8.8 


ARTHROPODA 
Ampelisca sp. ah 


A-8 


BENTHIC ANIMALS, SOUTH BAY 
April 14, 1971 


Individual Animals 
Genera and Species 


ANNELIDA 
Streblospio benedicti 
Oligochaeta 
Tubificids 
Total 


STATION 3 -- SAMPLE B 


ANNELIDA 
Oligochaeta 
Tubificids 
MOLLUSCA 
Modiolus sp. 
Tapes semidecussata 
Total 


STATION 4 -- SAMPLE A 


ARTHROPODA 


Ampelisca sp. 
ANNELIDA 


Streblospio benedicti 


Polychaeta unid. 

Oligochaeta 
Tubificids 

MOLLUSCA 

Gemma gemma 

Modiolus sp. 

Tapes semidecussata 

Total 


STATION 4 -- SAMPLE B 


ANNELIDA 
Polychaeta unid. 


Streblospio benedicti 


Oligochaeta 
Tubificids 
MOLLUSCA 
Tapes semidecussata 
Modiolus sp. 
Mya arenaria 
mF Total 


APPENDIX A-8 


Number 
Present 


24 


18 


el 


A-8 


Temp. 


eC 


14.5 


tole 


334.7 


DOs 


m) 


8.6 


APPENDIX A-8 


BENTHIC ANIMALS, SOUTH BAY 
April 14, 1971 


Individual Animals Number Depth Temp. D303 
Genera and Species Present Cbs oc Haresis0¢ ppm) 


STATION 4 -- SAMPLE C 


ANNELIDA 
Streblospio benedicti 2 
Polychaeta unid. 4 
Oligochaeta 
Tubificids 156 
MOLLUSCA 
Modiolus sp. 1 
Gemma gemma 1 
Total 164 
STATION 5 -- SAMPLE A 14.0 8.0 346.1 8.0 
ARTHROPODA 
Ampelisca 34 
ANNELIDA 
Polychaeta unid. 18 
Oligochaeta 
Tubificids ide 
MOLLUSCA 
Gemma gemma ene 
Mya arenaria 2 
Modiolus sp. 5 
Total 1,459 


STATION 5 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 48 
Corophium sp. ile 
CNIDARIA 
Metridium senile 2 
ANNELIDA 
Polychaeta unid. Lif 
Oligochaeta 
Tubificids 154 
MOLLUSCA 
Modiolus sp. 14 
Gemma gemma 1,568 
Macoma sp. 2 
Crepidula perforans (a 


Total 1,820 


A-8 
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BENTHIC ANIMALS, SOUTH BAY 
April 14, 1971 


Individual Animals Number Depth Temp. Ds Ox 
Genera and Species Present ‘i aed) pH Eee. m) 


STATION 5 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. U7 
Corophium sp. 4 
ANNELIDA 
Streblospio benedicti eb 
Polychaeta unid. 222 
Oligochaeta unid. 1 
MOLLUSCA 
Gemma gemma siggy dant 
Modiolus sp. ie 
Mya arenaria 1 
Macoma sp. 1 
Odostomia sp. a 
Total eRe 
STATION 6 -- SAMPLE A 14 7-7 341.0 ek 
ARTHROPODA 
Ampelisca sp. 63 
Corophium sp. as 
MOLLUSCA 
Modiolus sp. LO 
Gemma gemma 716 
Macoma sp. ff 
Mya arenaria a 
ANNELIDA 
Streblospio benedicti 2 
Polychaeta unid. 41 
NEMATODA us 


Total ~~ BUG 
STATION 6 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 6 
Corophium sp. ut 
MOLLUSCA 
Gemma gemma ES 
ANNELIDA 
Streblospio benedicti a 
Polychaeta unid. 6 
Oligochaeta 
Tubificids 16 
Total 5 


Individual Animals 
Genera and Species 


STATION 6 -- SAMPLE C 


ARTHROPODA 

Ampelisca sp. 
ANNELIDA 

Polychaeta unid. 
MOLLUSCA 

Gemma gemma 

Macoma Sp. 

Mya arenaria 

Modiolus sp. 

Total 


STATION 7 -- SAMPLE A 


ARTHROPODA 
Ampelisca sp. 


synidotea laticauda 


MOLLUSCA 
Gemma gemma 
Modiolus sp. 
Macoma sp. 
Acteon sp. 
Mya arenaria 
CNIDARTA 
Metridium sp. 
ANNELIDA 
Polychaeta unid. 
Oligochaeta 
Tubificids 
Total 


STATION 7 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 
MOLLUSCA 
Gemma gemma 
Mya arenaria 
Macoma sp. 
Modiolus sp. 
ANNELIDA 
Oligochaeta 
Tubifieids 
Polychaeta unid. 
Total 


BENTHIC ANIMALS, SOUTH BAY 
Aprile ty 072 


Number 
Present 


APPENDIX A-8 


Depth 
(Et) 


A-8 


Temp. 


OG 


14.0 


tide: 


328.4 


D.O. 


m) 


73 


APPENDIX A-8 


BENTHIC ANIMALS, SOUTH BAY 
Apr ied hoe OF 


Individual Animals Number Depth Temp. De os 
Genera and Species Present ee eG) H E303 (ppm) 


STATION 7 -- SAMPLE C 


ARTHROPODA 
Ampelisca sp. 140 
NEMATODA 2 
MOLLUSCA 
Gemma gemma 2242 Wig 
Macoma sp. thi 
Mya arenaria 2 
Acteon sp. 2 
ANNELIDA 
Polychaeta unid. 98 
Streblospio benedicti ae 
Total 3,182 
STATION 8 -- SAMPLE A 14.0 Tes. 303% ih 6.8 
MOLLUSCA 
Gemma gemma 6 
ANNELIDA 
Oligochaeta 
Tubificids 88 
Streblospio benedicti 18 
Total re 


STATION 8 -- SAMPLE B 


ARTHROPODA 

Hemigrapsus oregonensis 1 
MOLLUSCA 

Gemma gemma 2 
ANNELIDA 

Polychaeta unid. a 

Oligochaeta 

Tubificids 363 
Streblospio benedicti 18 


Total 385 


STATION 8 -- SAMPLE C 


MOLLUSCA 
Mya arenaria 2 
ANNELIDA 
Streblospio benedicti nue) 
Oligochaeta 
Tubificids 145 
Total ‘ieohe 
A-8 
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BENTHIC ANIMALS, SOUTH BAY 
April 14, 1971 


Individual Animals Number Depth Temp. De Or 
Genera and Species Present Boe 2c H tees ppm) 
STATION 9 -- SAMPLE A 14.5 Toa eeTe 3 Pras. 
ANNELIDA 
Streblospio benedicti 2 
Oligochaeta 
Tubificids 4h 
Total 6 


STATION 9 -- SAMPLE B 


MOLLUSCA 
Gemma gemma ii 
ANNELIDA 
Streblospio benedicti 2 
Oligochaeta 
Tubificids ane 
Total 14 


STATION 9 -- SAMPLE C 


MOLLUSCA 
Gemma gemma ik 
ANNELIDA 
Oligochaeta 
Tubificids 3 


Total in 


APPENDIX A-9 


BENTHIC ANIMALS, LOWER BAY 
April 14, 1971 


Individual Animals Number Depth Temp. D.0s 
Genera and Species Present ros °C H Bate? ppm) 
STATION 2 -- SAMPLE A 31 14 8.0 346.1 7.6 
ARTHROPODA 
Ampelisca sp. 2 
Corophium sp. a1 
Leptochelia sp. ho 
Balanus sp. 8 
MOLLUSCA 
Ostrea lurida 3 
Modiolus sp. 2 
Mytilus edulis 1 
Gemma gemma 4 
ANNELIDA 
Polychaeta unid. feat 
Oligochaeta 
Tubificids ays 
NEMATODA 8 
CHORDATA 
Tunicata 2 
NEMERTEA 1 
Total 200 
STATION 2 -- SAMPLE B 
ARTHROPODA 
Ampelisca sp. 4 
Corophium sp. 19 
Leptochelia sp. ek 
MOLLUSCA 
Tapes semidecussata 1 
Macoma sp. 1 
ANNELIDA 
Polychaeta unid. 52 
Oligochaeta 
Tubificids 33 
CNIDARIA 
Metridium sp. al 
NEMERTEA 8 
NEMATODA 2 
Total 145 
STATION 2 -- SAMPLE C 
ARTHROPODA 
Corophium sp. 6 
Balanus sp. 14 
Leptochelia sp. 20 
Nee) 


APPENDIX A-9 


BENTHIC ANIMALS, LOWER BAY 
April 14, 1971 


Individual Animals Number Depth Temp. D.O. 
Genera and Species Present ft. LC H Bs Gu m) 
MOLLUSCA 
Gemma gemma 2 
ANNELIDA 
Polychaeta unid. ho 
Oligochaeta 
Tubificids 32 
CHORDATA 
Tunicata 1 
CNIDARIA 
Metridium sp. 1 
NEMATODA 3 
NEMERTEA 2 
Total 110 
STATION 3 -- SAMPLE A 30 14 Oe eed: 7.8 
ARTHROPODA 
Corophium sp. ij 
Leptochelia sp. 3 ell 
MOLLUSCA 
Tapes semidecussata ihak 
ANNELIDA 
Polychaeta unid. 32 
Oligochaeta 
Tubificids TX) 
CHORDATA 
Tunicata 3 
CNIDARIA 
Metridium Sp. 2 
NEMATODA 2 
Total 225 


STATION 3 -- SAMPLE B 


ARTHROPODA 
Corophiuni sp. 5 
Leptochelia sp. 18 
MOLLUSCA 
Tapes semidecussata 35 
Modiolus sp. at 
Odostomia sp. 2 
ANNELIDA 
Polychaeta unid. 25 
Oligochaeta unid. 14 
Oligochaeta 
Tubificids 25 


Aa? 
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BENTHIC ANIMALS, LOWER BAY 
April 14, 1971 


Individual Animals Number Depth Temp. j biry Oi 
Genera and Species Present Gruen (Sc) pH ce (ppm) 
CNIDARIA 
Metridium sp. 8 
NEMATODA 6 
Total LHI 


STATION 3 -- SAMPLE C 


ARTHROPODA 
Corophium sp. in 
Leptochelia sp. 25 
Pagurus samuelis a 
MOLLUSCA 
Tapes semidecussata 15 
ANNELIDA 
Polychaeta unid. 174 
Oligochaeta 
Tubificids 55 
NEMATODA 6 
Total 280 
STATION 4 -- SAMPLE A 6 iy: et 8.0 
ARTHROPODA 
Ampelisca sp. 501 
Corophium sp. 
MOLLUSCA 
Modiolus sp. 69 
Gemma gemma 15 
Macoma sp. LE 
ANNELIDA 
Polychaeta unid. ki 
Oligochaeta 
Tubificids he 
Total 748 


STATION 4 -- SAMPLE B 


ARTHROPODA 
Ampelisca sp. 226 
Corophium sp. 20 
MOLLUSCA 
Gemma gemma Aas 
Modiolus demissus 5 
ANNELIDA 
Polychaeta unid. 61 
Oligochaeta 
Tubificids 45 
NEMATODA 3 
Total Bal 
Nteke, 


Individual Animals 
Genera and Species 


STATION 4 -- SAMPLE C 


ARTHROPODA 

Ampelisca sp. 

Corophium sp. 

Synidotea laticauda 
MOLLUSCA 

Tapes semidecussata 

Modiolus sp. 

Gemma gemma 
ANNELIDA 

Polycheata unid. 
NEMATODA 


Total 
STATION 6 -- SAMPLE A 
ARTHROPODA 


Ampelisca sp. 
Corophium sp. 


Synidotea laticauda 


MOLLUSCA 
Mya arenaria 


Tapes semidecussata 


ANNELIDA 
Oligochaeta 
Tubificids 
NEMATODA 
Total 


STATION 6 -- SAMPLE B 


ARTHROPODA 
Leptochelia 
MOLLUSCA 
Tapes semidecussata 
Modiolus sp. 
Cardium sp. 
ANNELIDA 
Polychaeta unid. 
Oligochaeta 
Tubificids 
Tubiculous 
NEMATODA 
CNIDARIA 
Metridium sp. 
Total 


BENTHIC ANIMALS, LOWER BAY 
April 14, 1971 


Number 
Present 


cal 
29 


APPENDIX A-9 


Depth 
ft. 


hg 


Temp. 
2c 


14 


Gee 


347.3 


Te0 
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BENTHIC ANIMALS, LOWER BAY 
April 14, 1971 


Individual Animals Number Depth 
Genera and Species Present ft. 
STATION 6 -- SAMPLE C 
ARTHROPODA 
Ampelisca sp. 1 
Leptochelia sp. al 
MOLLUSCA 
Tapes semidecussata 81 
Modiolus sp. 4 
Macoma sp. 1 
ANNELIDA 
Polychaeta unid. 138 
Oligochaeta 
Tubificids 105 
Tubiculous 23 
NEMATODA 318 
Total 672 
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APPENDIX B-1 


STANDARD OIL 
SUBSTRATE COMPOSITION ANALYSIS 


Percent Retained by Screen 
Sereen Size 
Station | 8 (2.38 mm)| 16 (1.19m) 50 (0.297 mm)| 100 (0.149 mm)| 270 (0.053 mm) | >270 


1 0 0 3 Z 20 165 
2 fe) 1 2 2 eh. (a. 
3 ) 0 1 1 20 78 
4 al 1 4 4 6 81 
y) @) ©) 2 in 16 78 
6 i 2 5 4 31 ST 
6 Hu a 2 4 8 8h. 
Bel 


SUBSTRATE COMPOSITION ANALYSIS 


APPENDIX Be2 


Mt. Copper 


Percent Retained by Sereen 


Station 


Me-1 
Mc-2 
Mc-3 
Mc-4. 
Mc=5 
Mc-6 
Mc-7 


Me-8 


8 (2.38 mm)| 16 (1.19 mm) 


O fe) 
0 O 
6) 6) 
6) 6) 
O O 
6) 6) 
) e) 
6) 0 


Sereen Size 


50 (0.297 mm)| 100 (0.149 mm)] 270 (0.053 mm) 


PF P PP BP 


ee 
38 


By. 


>270 


46 
ae. 


APPENDIX B-3 


SUBSTRATE COMPOSITION ANALYSIS 
San Leandro - October 30, 1970 


Percent Retained by Screen 
Sereen Size 
Station | 8 (2.38 mm)] 16 (1.19 mm) ]} 50 (0.297 mm)]} 100 (0.149 mm)| 270 (0.053 mm) | >270 


98 0 0 il 0 © 99 
61 al i 6 12 8 72 
73 © 0 1 il 2 96 
85 0 a “4 F 6 81 
8h 9 14 if 2 5 63 
112 22 15 10 3 5 45 
108 23 20 it 4 4 36 
B-3 


APPENDIX B-6 


SUBSTRATE COMPOSITION ANALYSIS 
Antioch - September 14 & 21, 1970 


Percent Retained by Screen 


sereen Size 
Station ] 8 (2.38 m)]} 16 (1.19 mm) | 50 (0.297 mm)}] 100 (0.149 mm)} 270 (0.053 mm) | > 270 


2 0 0 2 76 20 2 
3 ) fo) 4 43 47 6 
4 fo) 0 a 83 15 1 
5 0 0 9 69 21 2 
6 x 2 85 9 2 at 
7 ) 2 76 17 in 1 
8 0 1 25 62 9 3 
10 0 ) 0 69 30 i 
12 fe) ©) 51 47 il ae 


SUBSTRATE COMPOSITION ANALYSIS 
Antioch - March 15 & 16, 1971 


APPENDIX B-7 


Percent Retained by Screen 


Station 


= 


= 


8 (2.38 mm)} 16 (1.19 mm) 


0) ) 
) 0 
) 0 
) ) 
) 0 
@) h 
) ©) 
) 1 
©) ) 
©) 0 
©) 1 
fe) fe) 
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SUBSTRATE COMPOSITION ANALYSIS 
South Bay 
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SUBSTRATE COMPOSITION ANALYSIS 
Lower Bay 


Percent Retained by Sereen 
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STANDARD OIL SEDIMENT CHEMICAL ANALYSIS 
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CALIFORNIA 


The Resources Agency 
STATE WATER RESOURCES CONTROL BOARD 
1416 Ninth Street, Sacramento, California 95814 


CALIFORNIA REGIONAL 
WATER QUALITY CONTROL BOARDS 


NORTH COAST REGION (1) 
Suite F, 2200 County Center Drive 
Santa Rosa, California 95401 


SAN FRANCISCO BAY REGION (2) 
364 14th Street 
Oakland, California 94612 


CENTRAL COAST REGION (3) 
2238 Broad Street 
San Luis Obispo, California 93401 


LOS ANGELES REGION (4) 
Room 4027, 107 South Broadway 
Los Angeles, California 90012 


CENTRAL VALLEY REGION (5) 
3201 S Street 
Sacramento, California 95816 


FRESNO BRANCH OFFICE 

(Central Valley Region) 

3374 Shields Avenue, (P. O. Box 2188) 
Fresno, California 93719 


LAHONTAN REGION (6) 
407 West Line Street 
Bishop, California 93514 


LAKE TAHOE BRANCH OFFICE 
(Lahontan Region) 

1014 Blue Lake Avenue, Suite 3 

(P. O. Box 3329) 

South Lake Tahoe, California 95705 


COLORADO RIVER BASIN REGION (7) 
81-715 Highway 111 (P. O. Drawer 1) 
Indio, California 92201 


SANTA ANA REGION (8) 
6848 Magnolia Avenue, Suite 4 
Riverside, California 92506 


SAN DIEGO REGION (9) 
6154 Mission Gorge Road, Suite 205 
San Diego, California 92120 


